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BODY MEASUREMENTS AND THE EVALUATION OF HUMAN NUTRITION 


Properly selected and properly inter- 
preted, body measurements provide im- 
portant though limited tools for the 
assessment of nutritional status. The Com- 
mittee on Nutritional Anthropometry of the 
Food and Nutrition Board of the National 
Research Council has reviewed the progress 
made in this area in recent years and pre- 
sented practical recommendations in regard 
to the application of anthropometry to nu- 
tritional problems, in the May 1956 issue of 
Human Biology.* Their report consists of 
(1) Recommendations concerning body meas- 
urements for the characterization of nu- 
tritional status and (2) twelve papers 
dealing with special problems. 

“Nutritional anthropometry” represents 
an application of the technics of physical 
anthropology to the problems of human 
nutrition. In the past, specific deficiency 
diseases attracted most of the attention of 
the nutritionist. Nevertheless, the role of 
nutrition in more or less “healthy” in- 
dividuals cannot be neglected. In any popu- 
lation we find substantial, nutritionally 
conditioned individual differences in phy- 
sique, and there are marked differences 
between populations. The biologic implica- 
tions of these differences are only imper- 
fectly known at present. 

Body measurements are useful in several 
nutritional contexts, including evaluation 
of caloric requirements, assessment of the 
nutriture of a school child or patient, de- 
scription of the present nutritional status 
of different populations and the demon- 
stration of improvement resulting from 
altered economic, agricultural, or dietary 
practices, and a continuous assessment of 


*A reprint of the report, with added introduc- 
tion and index, is available in book form from the 
Wayne State University Press, Detroit, Michigan. 
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the biologic adequacy of the caloric supply 
during periods of food restriction and food 
shortages. While starvation is a continuous 
threat in some parts of the world, elsewhere 
obesity has been considered a serious health 
hazard. For the study of this problem a 
clearer differentiation between gross under- 
weight-overweight and leanness-fatness is 
required. In the description of man’s body 
build the separation of the contribution of 
the skeletal frame from the amount and 
distribution of the specific soft tissues will 
increase the precision of the portrait. 

Of potential body measurements there 
is a legion. Consequently, for the sake of 
effective description and evaluation, agree- 
ment on a minimum number of relevant 
measurements is essential. This means pro- 
vision of a more adequate basis for (1) the 
estimation of “‘standard” (reference) body 
weight and (2) the biologic interpretation 
of individual deviations from the standard 
in terms of approximative analysis of body 
composition. 

The Recommendations (Human Biol. 28, 
111 (1956)) are concerned principally with 
the selection and standardization of meas- 
urements for the assessment of nutriture in 
adults. The individual’s “standard” (refer- 
ence) weight should be calculated by taking 
into account both height and the width of 
the skeletal frame. Thus, in addition to 
stature, the size of the pelvic and shoulder 
girdles (measured as the bicristal and bia- 
cromial diameters) is recommended as the 
primary measure of the skeletal body build. 
The vertical partitioning of stature in 
terms of the sitting height or the cristal 
height is considered of secondary impor- 
tance. 

In order to interpret, in a given individ- 
ual, the biologic significance of a departure 
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of his actual weight from the “standard,”’ 
it is necessary to estimate the contribution 
of the adipose tissue, serving as a true 
measure of relative obesity. Further in- 
crease in precision is obtained by a quantita- 
tive estimation of the development of 
musculature. 

Since a large fraction of the total amount 
of the adipose tissue is contained in the 
subcutaneous depot, an individual’s lean- 
ness-fatness may be estimated by measuring 
the thickness of skinfolds. It has been a 
general experience that a medium caliper 
pressure is preferable to both high and low 
pressures. It is recommended that a pres- 
sure of 10 g. per square millimeter of single 
contact surface be used by all investiga- 
tors, irrespective of the design of the 
skinfold caliper. It is fortunate that the 
British workers (see D. A. W. Edwards et 
al., Brit. J. Nutrition 9, 133 (1955); Nu- 
_ trition Reviews 14, 287 (1956), and J. M. 
Tanner and R. H. Whitehouse, Am. J. 
Phys. Anthropol. 13, 743 (1956)) also sug- 
gested the pressure of 10 g. per square 
millimeter as a standard value. 

As to the sites for measurement, the back 
of the upper arm is recommended for in- 
clusion in all studies in which information 
on the individual’s leanness-fatness is 
needed. This site is readily accessible in 
both sexes and can be located precisely. 
Whenever feasible, the skinfold measured 
below the tip of the scapula should be 
added. 

When the required equipment is available, 
the breadth of the muscular segment on 
soft-tissue roentgenograms of the limbs 
represents perhaps the best criterion of 
muscular development. In field work, where 
direct body measurements must be used, 
the muscular development can be estimated 
from the limb circumferences, corrected 
for the thickness of skin plus subcutaneous 
fat. The circumferences and _ skinfolds 
should be measured at the same level on the 
limb. 

The Recommendations are concerned with 
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a minimum number of measurements. It is 
made clear that different sets of measure- 
ments might be required in situations dif- 
fering in the availability of time and skilled 
personnel. Under emergency conditions one 
may have to limit the measurements simply 
to height and weight. On the other hand, 
in studies in which both over-all leanness- 
fatness and the distribution of subcutaneous 
fat are of interest, the number of measure- 
ments may be profitably increased. The 
technic of making the measurements is 
described in some detail in the Recom- 
mendations. 

“Nutritional status’’ is a complex concept 
with several facets that must be charac- 
terized on the basis of different approaches. 
It is assumed that those concerned with 
body size and development will be aware of 
this fact and will not neglect qualitative 
(clinical) signs of nutritional debility and 
hypovitaminosis. In dealing with regions in 
which anemia may be suspected, the answer 
must be sought in terms of blood analysis, 
not body measurements. This may appear 
to be an elementary point. Nevertheless, 
the use of such terms as an “anthropometric 
index of nutritional status” may be taken 
to imply a comprehensive coverage while, 
in fact, it portrays at best one facet. The 
clinical, biochemical and anthropometric 
aspects of nutriture are, within surprisingly 
wide limits, independent. 

Body measurements on children were con- 
sidered briefly since the conference was 
focused on nutriture of adults. It was noted 
that not only the final stature, but also the 
patterns of child development, including 
rates of growth and appearance of ossifica- 
tion centers (cf. S. I. Pyle and N. L. Hoerr, 
“Radiographic Atlas of Skeletal Develop- 


ment of the Knee,” C. C. Thomas, Spring- | 


field, Ill. (1955)), are under genetic control. 
Nutrition determines only in part the 
child’s “developmental status.”’ Quantita- 
tive differences in the diet may be expected 
to affect the accumulation of body fat most, 
the development of musculature less, and 
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the bone size and skeletal maturation least. 
It was felt that during the period of growth 
it is more important to follow the individ- 
ual child’s progress by comparing weight 
and body dimensions with the measure- 
ments made previously on the same child 
than to relate the values to cross sectional 
group norms established for a given age 
and sex. 

Not all of the body measurements on 
children are equally practicable or equally 
useful at all ages. Consequently, separate 
lists of recommended measurements were 
made for five age levels. In older children 
it was recommended that overt signs of 
sexual maturation be noted, since this has 
an important bearing on the biologic in- 
terpretation of all body measurements. 

Data on the value of different bony 
measurements in estimating a “standard”’ 
(reference) weight were presented by J. 
Brozek (Human Biol. 28, 124 (1956)) and 
R. M. White ([bid., p. 141). Both authors 
concluded that the relative linearity-later- 
ality is more important than the vertical par- 
titioning of the body. M. Trotter (Jbid., p. 
146) examined factors, including linear 
bony dimensions, associated with individual 
differences in the total weight of the skele- 
ton. 

Norms for skinfold measurements were 
given by R. W. Newman (Human Biol. 28, 
154 (1956), for young American males) and, 
together with height and weight data, by 
L. B. Pett and F. G. Ogilvie (Ibid., p. 177, 
for Canada). The problem was also con- 
sidered by BroZek (Ibid., p. 131, for Min- 
nesota firemen). M. A. Ohlson et al. (Ibid., 
p. 189) studied body measurements in rela- 
tion to nutritional status of adult women. 
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Equations for predicting body density from 
skinfolds and thus estimating the total 
body fat in young men were provided by 
L. R. Pascale, M. I. Grossman, H. 8. Sloane, 
and T. Frankel (Jbid., p. 165). 

Two groups of workers examined the 
significance of underweight-overweight or 
leanness-fatness in terms of morbidity (A. 
B. Kurlander, 8. Abraham, and J. W. Rion, 
Human Biol. 28, 203 (1956)) and mor- 
tality (H. H. Marks, Jbid., p. 217). 

S. M. Garn (Human Biol. 28, 232 (1956)) 
investigated the relationship between sub- 
cutaneous fat on the lower leg and the 
growth of infants. Fatter infants were not 
consistently more robust or faster growing. 
W. Kornfeld (Jbid., p. 251) and R. F. A. 
Dean (Ibid., p. 252) commented on nu- 
tritional anthropometry in children. E. E. 
Hunt and E. Giles (Jbid., p. 253) con- 
sidered age changes in body composition, 
with special reference to children and 
women. 

The Proceedings represent, in fact, a 
final report of the Committee on Nutri- 
tional Anthropometry. It was the consensus 
of the conference that continued guidance 
and cooperation, both on the research level 
and in terms of practical application, are 
needed. . 

JoseF Brozex, Secretary 

ANCEL Keys, Chairman 

Committee on Nutritional An- 
thropometry 

Food and Nutrition Board 

National Research Council; 

Laboratory of Physiological Hy- 
gene 

School of Public Health 

University of Minnesota 


AMINO ACIDS AND VEGETABLE DIETS 


Increasing attention has been given to 
the problem of protein nutrition during 
recent months. The widespread interest in 
kwashiorkor as one of the major world 


nutritional problems has enhanced the 
importance of studies which have attempted 
to determine the biologic value of vegetable 
proteins. Furthermore, a large share of the 
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world’s population lives primarily on pro- 
teins of plant origin. Single plant proteins 
are generally inferior to those of animal 
origin, and it is commonly assumed that 
plant proteins must be supplemented with 
animal proteins in order to provide an 
adequate amino acid intake (for review see 
R. F. A. Dean, Med. Res. Council (London) 
Special Report Series No. 279 (1958)). 

The superiority of animal proteins over 
plant proteins has been emphasized by 
surveys such as those of J. B. Orr and J. L. 
Gilks (Med. Res. Council (London) Special 
Report Series No. 155 (1931)) among two 
African tribes and R. McCarrison’s study 
(Nutrition Abstr. Rev. 2, 1 (1932)) of the 
Sikh and Madrasi groups in India. Both 
studies showed the meat-eating people to 
be taller, stronger, and in better health 
than those eating primarily cereals. 

The data compiled by R. J. Block and 
H. H. Mitchell (Nutrition Abstr. Rev. 16, 
249 (1946)) have indicated that lysine and 
methionine were likely to be the limiting 
amino acids in vegetable proteins. Recently 
W. C. Rose and co-workers (see Nutrition 
Reviews 14, 232 (1956)) showed that the 
adult human being uses cystine much 
more efficiently as a substitute for methio- 
nine than does a growing rat. These con- 
siderations prompted D. M. Hegsted et al. 
(J. Nutrition 56, 555 (1955)) to study the 
effect of supplementing with amino acids 
the all-vegetable protein diets consumed 
by student dietitians in Lima, Peru. 

Three experiments were carried out with 
these student dietitians, who lived and took 
all of their meals in the hospital. Each 
experiment consisted of a depletion period 
and one or more balance periods. During 
the depletion period, an attempt was made 
to reduce the body stores of nitrogen in 
the subjects by feeding a diet very low in 
protein. Each girl in the experiment was 
issued weighed portions of the uncooked 
foods after nonedible parts had been re- 
moved. She then prepared her own meal. An 
identical meal was prepared and saved for 
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analysis. Each subject was required to eat 
all of her food or save that which was not 
consumed. Analyses were also made on the 
latter. The diets consisted of bread, noodles, 
rice, avocado, fruits, and a variety of vege- 
tables. All subjects received daily supple- 
ments of calcium gluconate and a multi- 
vitamin capsule, the contents of which are 
not stated. The subjects ranged in weight 
from 44 to 64 kg. (97 to 141 pounds), with 
an average of 50 kg. (110 pounds). 

In the first experiment the all-vegetable 
diet provided each of 5 girls with 4.06 g. of 
nitrogen (equivalent to 25.4 g. of protein) 
and approximately 2100 Calories per day 
during the depletion period. In the second 
period of the experiment the diet provided 
7.7 g. of nitrogen (equivalent to 48.0 g. of 
protein) and about 2800 Calories. The 
latter intake was maintained for ten days, 
during the last five of which each of the 
girls received a daily supplement of 0.9 g. 
of lysine. The amino acid was dissolved in 
orange juice and an equal portion was 
served with each meal. The nitrogen re- 
tention was positive for each girl in both 
of the preceding five-day periods. The lysine 
supplementation produced a reduction in 
the amount of nitrogen retained, from 1.6 g. 
during the unsupplemented period to 1.0 g. 
per day when lysine was fed. Since the girls 
were probably approaching nitrogen equi- 
librium during the amino acid supple- 
mentation, it is impossible to attribute any 
specific action to the added lysine. 

In the second experiment, the nitrogen 
intake was markedly reduced. During the 
four-day depletion period the diet provided 
2.7 g. of nitrogen (equivalent to 17.0 g. of 
protein) and about 2000 Calories per day. 
At that time the basal diet providing 3.86 
g. of nitrogen (equivalent to 24.1 g. of 
protein) and 2250 Calories was started. 
Before the basal diet was fed, 8 subjects 
were divided into two groups on the basis 
of body weights. One group received the 
latter diet plus 0.9 g. of lysine per day. The | 
other 4 subjects received the unsupple- | 
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mented diet. After five days of the above 
treatment, the group that had received the 
lysine supplement was put on the basal 
diet alone and the other group now received 
the lysine supplement. For both groups the 
lysine supplementation increased the ni- 
trogen retention over that on the basal 
diet alone. In one group this amounted to 
0.49 g. of nitrogen per day and in the other 
it was 0.23 g. In both cases, the lysine 
supplementation also reduced markedly the 
number of days on which any negative 
nitrogen balances were seen. 

In the third experiment an effort was 
made to produce a more severe protein 
depletion prior to the amino acid supple- 
mentation. Eight subjects were fed the 
depletion diet which provided 1.06 g. of 
nitrogen (equivalent to 10.6 g. of protein) 
and approximately 1000 Calories per day. 
During the seven-day depletion period all 
subjects lost from 1.1 to 2.2 kg. At the end 
of the week the subjects were divided into 
two comparable groups on the basis of 
initial body weight and weight loss. During 
the next five-day period both groups re- 
ceived a diet providing 4.0 g. of nitrogen 
(equivalent to 24.7 g. of protein) and 2155 
Calories. One group received 0.9 g. of lysine 
in orange juice each day, while the other 
group received glycine equivalent in ni- 
trogen to the lysine. Again lysine supple- 
mentation increased the retention of ni- 
trogen, this time to a much greater extent 
than did the glycine. 

At the end of this five-day period, a 
study was made of the influence of methio- 
nine supplementation. All subjects at that 
time received the 0.9 g. of lysine and in 
addition 2 subjects from each of the first 
groups were given a daily supplement of 1 
g. of methionine. The remaining subjects 
were given glycine in an amount equivalent 
to the nitrogen provided by the methionine. 
Under these circumstances methionine ap- 
peared to increase the nitrogen retention by 
an additional 0.5 g. per day per subject; 
this was beyond that secured with glycine. 
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The combined effect of lysine and methio- 
nine on the nitrogen retention appeared to 
be greater than that of lysine alone. 

Analysis of the diets showed that, except 
during the depletion periods, the lysine 
intake was greater than the minimum daily 
requirement recommended by W. C. Rose 
(see National Academy of Sciences—Na- 
tional Research Council Publication No. 302, 
p. 8 (1953)). The methionine intake was 
actually twice the daily requirement sug- 
gested by Rose, whereas the cystine was 
only approximately one-half his suggested 
figure. Hegsted and co-workers (loc. cit.) 
suggest that, since recovery experiments 
made with crystalline amino acids added to 
the diets gave average values for methio- 
nine and cystine of approximately 80 per 
cent, the actual intakes of these amino 
acids by the dietitians were probably 
greater than those listed above. 

The work of Hegsted and co-workers re- 
emphasizes the fact that on a mixed vege- 
table diet it is difficult to attain really low 
nitrogen values unless large amounts of 
such low-protein foods as sugars, fats, jams, 
preserves and pastries are used. Mixed 
vegetable diets will produce positive ni- 
trogen balance both in children (N. G. 
Baptist and B. V. de Mel, Brit. J. Nutrition 
9, 156 (1955); E. M. Widdowson and R. A. 
McCance, Med. Res. Council (London) 
Special Report Series No. 287 (1954); Nu- 
trition Reviews 13, 131 (1955)) and in adults. 
These findings are in line with the recogni- 
tion that the rice diet which provides as 
little as 25 g. of protein per day eventually 
produces nitrogen equilibrium for the pa- 
tients who have been maintained thereon 
for a long enough period of time (Jbid. 9, 
73 (1951); 10, 46 (1952)). The intake of 
protein on the rice diet would be comparable 
to that of the girls in experiment 3 during 
the lysine supplementation. 

The results point out again the value of 
diversity in the diet and suggest that, if 
other vegetables and fruits that are common 








294 


in the tropical areas could be added to the 
so-called protein-poor diets, individuals 
eating them might profit considerably 
thereby insofar as their nutritional status 
is concerned. This interpretation does not 


VITAMIN B, IN SERUM 


Although the importance of vitamin Bie 
in the nutrition of animals and in treating 
pernicious anemia in man is well known 
(Nutrition Reviews 7, 136, 167, 225 (1949); 
8, 165, 250 (1950)), its role in the nutrition 
of normal adult man is uncertain. 

Indications that the vitamin By. content 
of serum of normal individuals tends to 
decrease with age have been reported by 
W. P. Boger et al. (Proc. Soc. Exp. Biol. 
Med. 89, 375 (1955)). A total of 528 in- 
dividuals (249 males and 279 females in 
four groups) were sampled at ages ranging 
from 80 to 99 years. Most of these individ- 
uals were patients in a mental institution 
and all were fed ad libitum. They were in 
“normal health” and, with the exception of 
one group of 141 males who represented 
the population at large, were not receiving 
vitamin supplementation. Blood was ob- 
tained from patients in the fasted state and 
vitamin By in the serum was determined by 
assay with Lactobacillus leichmannii, using 
an improved assay procedure which the 
authors describe in detail. 

The results showed a small but “‘statis- 
tically significant” trend toward lower 
serum concentration of vitamin By in the 
aged than in the younger individuals in 
three of the four groups studied. The one 
group which did not show an effect was a 
group of 108 institutionalized males. The 
238 women in the same mental institution 
showed a regression coefficient of —0.0022 
millimicrograms of vitamin By. per milli- 
liter of serum for each year of age. The 
explanation for these apparent differences is 
not clear. The regression lines for the other 
two groups varied both as to axis inter- 
cepts and slope. There was, however, no 
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constitute an argument against the urgent 
need to increase the intake of good quality 
protein foods in many tropical areas, by 
means of greater consumption of animal 
protein foods and legumes of special quality. 


OF AGED INDIVIDUALS 


evidence of any difference between the 
sexes so far as these two groups were con- 
cerned. 

In spite of the reported decrease in serum 
vitamin Bi levels with age, the great 
variation in values at all ages (most values 
falling between 0.1 and 1.2 millimicrograms 
per milliliter) obscures the significance of 
the age trend. Other workers, observing 
fewer individuals, have also noted declining 
values of serum vitamin By in aged individ- 
uals (K. Okuda, R. D. Wood, C. A. Lang, and 
B. F. Chow, Fed. Proc. 18, 471 (1954); D. L. 
Mollin and G. I. M. Ross, J. Clin. Path. 5, 
129 (19652)). 

It is unfortunate that most of the sub- 
jects in the studies of Boger and co-workers 
were inmates of mental institutions. Both 
the food available in such an institution 
and the dietary patterns of the inmates 
may not be comparable to the conditions 
existing among  noninstitutionalized 
dividuals. 

The biologic significance of the reported 
finding of a trend toward lower vitamin By, 
concentration in the serum of aged individ- 
uals is not known. If it holds in the general 
population, it may be a reflection of differ- 
ences in excretion or absorption of vitamin 
By or simply of decreased food consump- 
tion in aged individuals (see Nutrition 
Reviews 13, 81 (1955)). In any event, it 
should be kept in mind that as yet there is 
no real evidence that aged individuals in 
normal health require dietary sources of 
vitamin Bo. However, these data, obtained 
with a large number of individuals and with 
an improved assay method for serum vita- 
min By, provide a strong foundation for 
future studies of this nature. 
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POTASSIUM METABOLISM IN GASTROENTERITIS 


In this age of complex therapeutic regi- 
mens it is refreshing to see the efficacy of a 
simple therapeutic regimen using a simple 
salt graphically demonstrated. Within the 
last few years acute potassium deficiency 
has been shown to complicate several 
serious disease processes, and prompt potas- 
sium therapy has proved to be valuable in 
the successful treatment of these diseases. 
Among them are diabetic coma (Nutrition 
Reviews 5, 315 (1947)), severe trauma or 
postsurgical states (Jbid. 3, 253 (1944)), 
burns ([bid. 9, 257 (1951)), and chronic 
diarrheas including sprue and _ ulcerative 
colitis (Ibid. 10, 169 (1952); 14, 9 (1956)). 
It has also been suggested that potassium 
deficiency frequently complicates infantile 
diarrhea (Jbid. 7, 3 (1949)), and experi- 
mental evidence has been offered that in- 
testinal paralysis may be induced by potas- 
sium deficiency (Ibid. 11, 142 (1953)). These 
findings are important in relation to earlier 
evidence that intestinal distention in the 
postoperative period may be related to 
potassium loss (H. T. Randall, D. V. Habif, 
J. S. Lockwood, and 8. C. Werner, Surgery 
26, 341 (1949); L. P. Eliel, O. H. Pearson, 
and R. W. Rawson, New Engl. J. Med. 243, 
471 (1950)). 

B. Schlesinger, W. Payne, and J. Black 
(Quart. J. Med. 24, 33 (1955)), amplifying 
an observation recorded earlier by Schle- 
singer (Arch. franc. pédiat. 10, 178 (1953)), 
now offer convincing evidence of a clinical 
correlation between abdominal distention or 
paralytic ileus and potassium deficiency. 
They emphasize the value of potassium in 
the treatment of gastroenteritis to prevent 
and combat the severe abdominal disten- 
tion which frequently complicates this dis- 
ease. Basing their study on 653 cases of 
infantile gastroenteritis which were eval- 
uated in terms of abdominal distention and 
potassium deficiency, the authors found that 
there was a rough correlation between the 
degree of hypokalemia (low blood potas- 
sium levels) encountered and the severity 


of the bowel dilatation, but they caution 
that serum potassium levels are often mis- 
leadingly high when the patient is first 
seen in a dehydrated condition. 

In the 67 cases out of the 653 in which 
hypokalemia was present during the course 
of the illness, abdominal distention was 
clinically evident in 37, while of the 586 
infants who showed no hypokalemia during 
their illness a distended abdomen was 
observed in only 8. Furthermore, in the 
severe cases hypokalemia and abdominal 
distention were more common and in several 
instances probably played an important 
role in the death of the patient. The authors 
offer considerable evidence that the ab- 
dominal distention and vomiting follow 
the hypokalemia instead of producing it as 
was previously suggested by some investi- 
gators. In the rehydrated patient Schle- 
singer and co-workers find that a serum 
potassium concentration of 3.1 milliequiva- 
lents (mEq) per liter represents a critical 
level in the production of abdominal dis- 
tention. The authors also find a correlation 
between the presence or absence of periph- 
eral edema in these patients and the degree 
of hypokalemia. 

From the therapeutic standpoint, Schle- 
singer et al. emphasize that potassium 
should never be given to a dehydrated 
patient because at this stage there may be 
a definite hyperkalemia (high blood potas- 
sium levels) and cardiac arrest may result 
from additional potassium being given 
prior to rehydration. After hydration is 
established they recommend 1 to 2 g. of 
potassium per day to treat or prevent 
abdominal distention and ileus. They ad- 
vise giving half of this by mouth and half 
parenterally. 

In discussing the cause-and-effect rela- 
tionship between acute potassium de- 
ficiency and abdominal distention, the 
authors cite the experimental work of H. 
W. Henrikson (Am. J. Physiol. 164, 263 
(1951)) and of D. H. P. Streeten and E. M. 
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V. Williams (J. Physiol. 118, 149 (1952)) 
which links abdominal distention and ileus 
to potassium deprivation of the smooth 
muscle cells of the gastrointestinal tract. 
Thus, intestinal smooth muscle, like cardiac 
muscle and skeletal muscle, apparently 
loses potassium with contraction and de- 
pends upon a constant replacement of its 
supply from the extracellular fluid in order 
to maintain its contractility. 
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The dramatic improvement in the general 
condition of the patient and the interrup- 
tion by means of potassium therapy of the 
vicious cycle of vomiting from abdominal 
distention is illustrated by the clinical sum- 
mary of a severely hypokalemic patient. 
Wider recognition of this correlation and 
of the therapeutic value of potassium 
should markedly reduce the death rate 
from ileus. 


CHANGES IN CONSTITUENTS OF LIVER OF PATIENTS 
WITH KWASHIORKOR 


Great interest has attended the descrip- 
tion and study of chronic protein malnu- 
trition of infants in the weaning or post- 
weaning period. This disorder, kwashiorkor, 
is now recognized as prevalent in many 
parts of the world, where supplies of milk 
are limited and where infants are commonly 
fed diets consisting almost entirely of 
carbohydrate foods after weaning (Nutri- 
tion Reviews 13, 1, 67 (1955)). A variety of 
biochemical alterations in constituents of 
blood serum have been described in pa- 
tients with kwashiorkor. Included are de- 
crease in concentration of albumin, choles- 
terol, urea, vitamin E and carotene and 
decreased activity of certain enzymes in 
serum-alkaline phosphatase, amylase and 
esterase (Ibid. 18, 70 (1955)). 

‘The pathologic findings in patients dying 
of this disease indicate that there is selec- 
tive damage to the enzyme-secreting cells 
of the pancreas, small intestine and salivary 
glands. The liver is affected early with 
marked infiltration of fat and later with 
cellular necrosis and fibrosis (J. N. P. 
Davies, Ann. N. Y. Acad. Sci. 57, 714 
(1954)). In an effort to seek evidence of the 
important metabolic disturbances induced 
in the liver J. C. Waterlow and 8. J. Patrick 
(Ibid. 67, 750 (1954)) have determined the 
activity of certain enzymes in small biopsy 
specimens of liver obtained from patients 
with kwashiorkor. Activities of liver choline 


esterase and succinoxidase were reduced 
but those of malic dehydrogenase and 
transaminase seemed to be increased prior 
to treatment and dietary supplementation 
with protein. 

These studies have been extended and 
analysis has been made of the fat, protein 
and nucleic acid content of liver of infants 
with manifestations of kwashiorkor (J. C. 
Waterlow and T. Weisz, J. Clin. Invest. 35, 
346 (1956)). The liver tissue taken for 
analysis was obtained by punch biopsy from 
12 Jamaican infants with symptoms and 
clinical signs typical of kwashiorkor. All 
of these children were undernourished and 
the mean weight deficit was 44 per cent. 
On admission to the hospital they were 
given a diet of diluted skim milk, allowing 
enough protein to protect against deteriora- 
tion but not sufficient to induce improve- 
ment in the clinical state. After a period of 
from three to seven days on this diet, the 
first liver biopsy was done. Following the 
biopsy the strength of the milk mixture 
was increased stepwise until an intake of 2 
or 3 pints of cow’s milk per day was as- 
sured, after which supplementary foods 
were added to the diet. 

Clinical improvement developed slowly 
and the average period of hospital care 
and treatment was fourteen weeks. When- 
ever possible a second liver biopsy was 
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obtained from patients after completion of 
treatment and nutritional rehabilitation. 
Cytologic examination of liver tissue ob- 
tained at the end of the period of therapy 
demonstrated no evidence of residual fatty 
infiltration or fibrosis. However, there was 
persistence of cellular infiltrates in portal 
areas and of increased numbers of large 
nuclei and of binucleate cells. 

Analyses done on the biopsy specimens 
of liver included water content, fat, protein, 
total nucleic acid, desoxyribonucleic acid 
and ribonucleic acid. Glycogen content was 
determined on a few samples. The authors 
discuss the problem of variation in analyses 
applied to such small tissue fragments, 7.e., 
1 to 2 mg. wet weight, and state that 
significant differences can only be estab- 
lished between groups of observations. 

The results indicate that the fat content 
of fresh liver tissue was markedly increased 
in these infants, with a mean value of 34 
per cent of wet weight at the time of the 
first biopsy. In contrast, after completion 
of the period of treatment, fat represented 
only 3 per cent of the wet tissue weight. 
The amount of water in the biopsy speci- 
mens was apparently reduced in these mal- 
nourished infants and there was an increase 
of this value as recovery occurred. The 
concentration of nonfat solids, which are 
comprised of protein, nucleic acids, ash, 
glycogen, and a small quantity of un- 
extracted lipid, was reduced as a result of 
the disease and increased during con- 
valescence. Comparative mean values were 
14 per cent wet weight before and 23 per 
cent after the period of treatment. Addi- 
tional analyses to determine the effect of 
kwashiorkor on the glycogen content of 
liver demonstrated similar values before 
and after dietary supplementation, in- 
dicating that the fatty liver of the disease 
is not impaired in its capacity to store 
glycogen. 

The observations of other investigators 
have demonstrated that the desoxyribo- 
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nucleic acid content of the whole liver and 
of single liver cells remains relatively con- 
stant in a variety of dietary deficiencies 
induced in rats (R. Y. Thomson, F. C. 
Heagy, W. C. Hutchison, and J. N. David- 
son, Biochem. J. 63, 460 (1953)). This fact 
was utilized by Waterlow and Weisz (loc. 
cit.) to establish desoxyribonucleic acid as a 
standard of reference so that the changes 
in other constituents could be interpreted 
as changes in composition of the average 
liver cell. By such means it was shown 
that in these infants there was marked 
depletion of liver cell protein with an aver- 
age loss of about 40 per cent, which was 
restored during the period of enhanced 
protein intake. Similarly, the content of 
ribonucleic acid was found to be reduced 
prior to treatment, but the loss of ribo- 
nucleic acid was either not nearly so severe 
as the loss of liver cell protein, or totally 
normal values of ribonucleic acid had not 
been re-established at the end of the period 
of therapy. 

This very interesting report affords some 
measure of the degree of protein depletion 
occurring in liver in the chronic protein 
malnutrition of kwashiorkor and provides 
evidence of repletion in this organ during 
periods of protein supplementation. It also 
gives confirmation by chemical analysis of 
the great infiltration of fat in the liver, 
which is mobilized and removed as con- 
valescence occurs. A point of particular 
interest in the report is the fact that this 
deficiency state does not interfere with 
storage of liver glycogen. Above all, the 
approach has been one made possible by 
the development of microchemical analyses 
which may be applied to small quantities 
of tissue taken from surviving patients. 
Although the authors carefully point out 
the limitations of these procedures, they 
have utilized them to advantage to provide 
important new knowledge concerning cer- 
tain metabolic defects in the liver pro- 
duced by or associated with kwashiorkor. 
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WEIGHT GAIN IN THIN MEN 


The composition of the body weight gain 
which occurs in thin individuals who are 
fed a plethora of calories has been the sub- 
ject of a number of investigations (Nutri- 
tion Reviews 9, 299 (1951); 14, 98 (1956)). 

In an experiment carried out in Edin- 
burgh, Scotland, the composition of the 
weight gain under the above conditions 
became particularly important since the 
investigators found that the increase in 
body weight was not so great as that ex- 
pected from the caloric balance (R. Pass- 
more, A. P. Meiklejohn, A. D. Dewar, and 
R. K. Thow, see Nutrition Reviews 14, 267 
(1956)). The expected weight gain was cal- 
culated on the assumption that the extra 
calories were converted to adipose tissue. 

During the four- or five-day control 
period, 3 normal, thin young men received 
a diet averaging 2375 Calories. This was 
adequate for weight maintenance. During 
the following ten to fourteen days, each 
subject received an average of 3870 Calo- 
ries. Activity was maintained at a constant 
level throughout the entire experiment 
which thus afforded 1495 Calories per day 
for body weight increase. 

The excess caloric intake resulted in 
weight gains in each subject averaging 171 
g. per day. R. Passmore, A. P. Meiklejohn, 
A. D. Dewar, and R. K. Thow (Brit. J. 
Nutrition 9, 27 (1966)) calculated that the 
men should have gained 240 g. per day if 
the excess calories were converted to adi- 
pose tissue. The calculation was made on 
the basis of a review by A. Keys and J. 
Brozek (Physiol. Rev. 33, 245 (1958)), 
which indicated that adipose tissue con- 
tains 62 per cent fat, 24 per cent cellular 
material and 14 per cent extracellular 
water. Although R. M. Forbes, A. R. 
Cooper, and H. H. Mitchell (J. Biol. Chem. 
203, 359 (1953)) found that the adipose 
tissue in a human body was composed of 
71.6 per cent fat, 23.0 per cent water, 5.8 
per cent protein and 0.2 per cent ash, the 


differences in the reported composition of 
adipose tissue have no influence on the 
calculations made by Passmore et al. (loc. 
cit.). 

In order to determine the nature of the 
weight gain, nitrogen balances were deter- 
mined during the high caloric intake period. 
These showed that the equivalent of 18 g. 
of protein (nitrogen X 6.25) was syn- 
thesized per man per day. The daily pro- 
tein increment to the body accounted each 
day for 95 of the 1495 excess Calories. The 
remaining 1400 Calories might have been 
deposited as fat. If that were so, then 150 
g. of fat should have been deposited each 
day (assuming 9.3 Calories as the energy 
value of one gram of body fat). The sum 
of the protein and fat deposited according 
to the above calculations amounted to 168 
g. The actual daily gain in weight was 171 
g. From this it is apparent that only 3 g. 
of water could have been deposited with the 
protein. 

The small amount of water retained by 
the subjects during the period of weight 
gain is the basis for a considerable amount 
of discussion and calculation by Passmore 
and co-workers (loc. cit.). The work sum- 
marized by A. R. Behnke (Proc. Roy. Soc. 
Med. 44, 902 (1951)) has shown that the 
nonfat body tissue contains approximately 
73 per cent water. On this basis the reten- 
tion of 18 g. of protein should have re- 
sulted in the formation of 64 g. of cellular 
material. Under the circumstances, the 
actual daily weight gain should have been 
214 g. (150 + 64 g.), instead of the 171 
actually observed. 

Passmore and co-workers (loc. cit.) do not 
believe that errors in body weight measure- 
ment, caloric intake, or caloric expenditure 
are sufficiently great to account for the 
discrepancy between the increase in weight 
calculated from the excess caloric intake 
and the observed gain in body weight. 
Furthermore, they have attempted to estab- 
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lish the validity of their calculations on the 
basis of a number of indirect measurements. 

There was a slight loss of sodium through- 
out the excess caloric feeding period. This 
was accompanied by a slight increase in 
the potassium stores. From the above 
observations, Passmore and _ co-workers 
conclude that their subjects responded to 
overfeeding by concentrating both fat and 
protein within the cells. 

The work of A. Keys, J. T. Anderson, 
and J. Brozek (see Nutrition Reviews 14, 
98 (1956)) suggested that when lean in- 
dividuals were overfed for a period of six 
months, the increase in body weight re- 
quired a certain fraction of the excess 
caloric intake. They proposed that all of the 
extra calories were not available for body 
tissue formation. 

The subjects studied by Passmore et al. 
(loc. cit.) were gaining weight constantly 
throughout the experimental period. Since 
this was so, they could not be considered in 
a state of equilibrium. It is possible that 
under such a changing situation sufficient 
time had not been permitted for the estab- 
lishment of normal water concentration in 
the various body compartments. That such 
may be the case was shown by R. A. Mc- 
Cance and E. M. Widdowson (see Nutri- 
tion Reviews 9, 299 (1951)), who found 
that, even after two months of generous 
realimentation, undernourished adults still 
had not lost all of their superfluous extra- 
cellular fluid. 
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There is a possibility that a certain 
amount of extracellular fluid was lost. The 
sodium balance indicates that this should 
have been considerably greater than the 
46 g. of water (214 — 168) which could not 
be accounted for in the calculations of 
Passmore et al. (Since extracellular fluid 
contains 145 micrograms of sodium, the 
daily average negative balance of 28 micro- 
grams of sodium should have been asso- 
ciated with a loss of 190 cc. of water each 
day.) 

This study points out the difficulty of 
determining the changes in the composition 
of the body produced by surplus food, 
especially when the change in body weight 
is relatively small. In these studies it 
averaged 5 pounds per man for the experi- 
mental period. Furthermore, it emphasizes 
the fact that the individual should be 
brought into caloric equilibrium for a period 
of time before such calculations will be 
meaningful. If this is not done, the tem- 
porary alterations in the composition of 
body fluid compartments may vitiate any 
attempt to calculate the composition of 
the weight gain. 

The work of Passmore et al. is significant 
since it represents an attempt to apply 
quantitative technics to the study of body 
weight gains. As such it represents an im- 
portant advance which may aid eventually 
in determining the caloric cost of the various 
body components. 


NUTRITION IN FORMOSA 


The entire May number of Metabolism 
(5, 203-358 (1956)) is devoted to a detailed 
report of nutrition in Formosa. The scope 
of the problem is described by H. Pollack 
(Metabolism 6, 203 (1956)), who stresses the 
importance of nutrition in the develop- 
ment of military strength in the Chinese 
Nationalist troops. Pollack, at the request 
of the Republic of China, made a nutritional 


survey of selected representative troops. 
The most prevalent deficiency syndrome 
was that due to a lack of riboflavin, al- 
though clinical evidence of niacinamide 
and vitamin A deficiency was also obtained. 
The varied nutritional and socioeconomic 
background of the troops and their military 
assignments influenced the clinical picture. 
The highest incidence of deficiencies was 
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found in mountain troops, while those 
troops closer to the supply of foodstuffs 
fared better. Rickets or other evidence of 
vitamin D deficiency was not observed. It 
was felt that this could be attributed to the 
intense sunlight and the practice of adding 
limestone powder during the grinding of 
rice to insure a whiter color. 

Certain recommendations were made on 
the basis of the original survey. It was 
advised that the total amount of rice is- 
sued be reduced because it was not being 
eaten and that the rice be enriched with 
riboflavin, niacin, thiamine and iron. To 
overcome the deficiency in vitamin A, the 
addition of yellow sweet potato, readily 
available on Formosa, was suggested. In 
order to evaluate the ration changes a field 
trial of four months was authorized and the 
results of this trial are included in this 
symposium. 

Biochemical measurements before and 
after enrichment of rice with vitamins are 
described by C. F. Consolazio et al. (Me- 
tabolism 5, 219 (1956)). A carefully con- 
ducted experiment was carried out in which 
the response of a test group of soldiers re- 
ceiving the new diet was compared to a 
group receiving the standard Chinese army 
diet. The initial serum vitamin A levels 
were surprisingly low in both groups at the 
start of the observation period but the addi- 
tion of only 2 mg. of carotene per day from 
yellow sweet potato resulted in a great 
increase in the vitamin A levels of the 
soldiers receiving the new diet. Biochemical 
evidence was also obtained that there was 
inadequacy of intake of ascorbic acid, 
thiamine, riboflavin and niacin. The urinary 
excretion of ascorbic acid rose in both 
control and treated groups due to a sea- 
sonal change in available fresh foods but 
the increase was greater with the enriched 
diet. On the enriched diet there was a 
striking increase in the urinary excretion of 
riboflavin, thiamine and N'-methylniacina- 
mide. No evidence of inadequacy of protein 
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intake was obtained on either the standard 
or the enriched diet. Hemoglobin and serum 
protein values were normal. 

The results of a careful clinical survey of 
soldiers before and after enrichment of the 
diet with synthetic vitamins are presented 
by H. Pollack (Metabolism 5, 231 (1956)). 
Follicular keratosis is commonly attributed 
to vitamin A deficiency. At the start of the 
study about 30 per cent of the soldiers ex- 
hibited this lesion on the back. In the con- 
trol group there was a spontaneous de- 
crease in incidence to 14 per cent whereas in 
the group with the enriched diet only 1.9 
per cent still had these lesions. The fre- 
quency of occurrence of this lesion ap- 
parently was influenced by traumatic con- 
ditioning factors. In an area of the skin 
such as the buttock, subject to continual 
skin trauma, the incidence of follicular 
hyperkeratosis decreased from 28 per cent 
to only 12 per cent on the enriched diet. 

The combination of angular stomatitis, 
cheilosis, magenta tongue and nasolabial 
seborrhea, the so-called ‘“‘oral-genital’ syn- 
drome, was present in about one third of 
the soldiers at the start of administration of 
the enriched diet. These lesions had disap- 
peared in the soldiers eating the enriched 
diet for four months. 

Clinical signs of deficiency disease were 
correlated with the biochemical indexes and 
dietary intakes on the control and en- 
riched diets (J. E. Brockett, L. V. Crowley, 
and H. Pollack, Metabolism 6, 283 (1956)). 
A strong relationship existed within groups 
between the riboflavin intake and the in- 
cidence of angular cheilosis, magenta color 
of the tongue, scrotal dermatitis and papil- 
lary atrophies of the tongue. Niacin intake 
correlated well with incidence of filiform and 
fungiform papillary lesions on the tongue. 
Follicular keratosis also was found to be 
inversely related to vitamin A or carotene 
intake. 

The energy metabolism of soldiers on the 
standard army diet and on the enriched diet 
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has been studied by measuring the basal 
metabolism, the energy cost of daily activi- 
ties and the total food consumption (C. F. 
Consolazio, H. Pollack, L. V. Crowley, and 
D. R. Goldstein, Metabolism 6, 259 (1956)). 
One of the most interesting findings was 
that there was a significant difference in 
efficiency of performance of ordinary activi- 
ties as measured by the Muller-Franz 
metabolimeter (a portable respirometer). 
Soldiers eating the enriched diet were able 
to perform their daily training activities 
with a lower caloric expenditure. Despite 
an intake which averaged 225 Calories a 
day more, soldiers eating the control diet 
lost more weight than did the groups eating 
the enriched diet. Half of the control and 
dietary treated groups received a vermifuge. 
Although this treatment had a beneficial 
effect in maintaining body weight on the 
standard diet, the body weight and per- 
formance were improved by the enriched 
diet. As compared to previous studies on 
well nourished individuals where massive 
doses of vitamins did not increase work 
efficiency or capacity, this study suggests 
that there is a direct relationship between 
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vitamin deficiency states and the efficiency 
of performing daily activities. 

The symposium also considers many 
other important topics. The technical prob- 
lems of rice supplementation and the com- 
position of food items of the Formosan diet 
are of interest when compared to nutrition 
in this country. The interrelationship of 
parasitic infestation and nutrition is de- 
scribed. Although this study was carried out 
primarily on military personnel, observa- 
tions on civilians are included. 

The articles in this symposium provide 
valuable information for field workers 
conducting nutrition surveys. Of particular 
significance is the reaffirmation of the im- 
portance of clinical as well as laboratory 
studies in nutrition surveys. In recent 
years the role of the nutritionally trained 
clinician has been minimized by the ad- 
vances in the laboratory aspects of nutri- 
tion. It is gratifying to read that the clini- 
cian still has contributions to make in 
such a study. The results of this study 
should do much more than extend our 
knowledge of far-eastern nutrition. 


METHIONINE-CYSTINE NEED OF THE WEANLING PIG 


As has been previously discussed (Nu- 
trition Reviews 9, 220 (1951); 12, 278 
(1954); 18, 304 (19545)), results of studies on 
the methionine-cystine requirement of the 
weanling pig have not been in full agree- 
ment. Estimates obtained by either direct 
or indirect methods have ranged from 0.36 
per cent of the ration to as much as 0.7 
per cent. 

The combined methionine-cystine _re- 
quirement of the weanling pig has been 
studied by D. E. Becker, A. H. Jensen, S. 
W. Terrill, and H. W. Norton (J. Animal 
Sci. 14, 1086 (1955)). A total of 92 pigs 
weighing 25 to 30 pounds were divided 
into eighteen groups in two experiments 


which were conducted for four weeks each. 
A semisynthetic ration was fed ad libitum 
and consisted, in percentages, of purified 
soybean protein 15.0, corn starch 64.5, 
dextrose 10.0, cellulose 3.0, corn oil 3.0, 
mineral mixture 4.0, and vitamin supple- 
ments 0.5. This ration supplied 0.15 per 
cent of methionine and 0.17 per cent of 
cystine as determined by direct analysis, 
for which no reference or description is 
given. Levels of pui-methionine ranging 
from 0.1 to 0.4 per cent were added to the 
ration. 

The addition of only 0.1 per cent of DL- 
methionine to the ration resulted in maxi- 
mal gains, averaging 0.86 pounds per day, 
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compared with 0.45 pounds for the basal 
group. Feed efficiency values were also 
maximal with 0.1 per cent of added methio- 
nine. Higher levels of added methionine 
gave no better results; in fact, 0.3 and 0.4 
per cent of added methionine appeared to 
depress growth. Thus, under these condi- 
tions a total of 0.42 per cent of methionine 
and cystine, including the amount present 
in the basal ration, was the minimum re- 
quirement of the young pig. Additions of 
0.1 and 0.2 per cent of L-cystine were with- 
out effect on growth, indicating that the 
amount present in the basal ration was 
adequate to spare the methionine require- 
ment. 

When a mixture of three antibiotics 
(oxytetracycline hydrochloride, procaine 
penicillin and streptomycin) was added to 
the ration at a level of 36 mg. per pound, 
the growth rate was considerably improved 
in both the basal and the methionine- 
supplemented groups. This might be ex- 
pected from the well known _ growth- 
promoting effect of dietary antibiotics 
(Nutrition Reviews 12, 13, 108, 166 (1954)). 
No significant interaction of antibiotics 
with methionine requirement was noted, al- 
though the absolute increase in daily weight 
gains tended to decrease with increasing 
levels of methionine. In the presence of the 
antibiotic mixture best growth (1.21 pounds 
gain per day) was obtained with a total of 
0.42 per cent of sulfur amino acids in the 
ration, the same value as was obtained in 
the absence of antibiotics. 

In one experiment the hydroxy analogue 
of methionine (in which a hydroxy group 
replaces the amino group of the methio- 
nine) was found to be fully as active as 
methionine itself in promoting growth. This 
compound is available commercially and is 
at present being used by feed manufac- 
turers as a substitute for supplemental 
methionine in poultry rations. 

The authors concluded that the combined 
methionine-cystine requirement for the 
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weanling pig is 0.42 per cent of a ration con- 
taining 12.6 per cent protein (nitrogen xX 
6.25). This is equivalent to a requirement 
of 3.33 per cent of the dietary protein. 
Actually, these values may be high since 
the authors did not study any level of 
methionine between 0.15 and 0.25 per cent 
nor did they determine the minimal cystine 
requirement. Thus, the authors’ conclusions 
that cystine can supply about 40 per cent 
of the total requirement for sulfur amino 
acids can only be temporary until further 
studies are made. 

Several other weaknesses, especially in 
experimental procedure, can be pointed out 
which might be important to consider in 
future experiments of this nature. The 
authors assumed that the p-isomer of 
methionine is fully as active as the L-isomer 
since this is true in other animals. Although 
this may well be true for the pig, it would 
seem rather important actually to prove it 
experimentally. In addition, it would seem 
important in studies of this nature, in 
which rations are used containing a mini- 
mal level of dietary protein from only one 
source, to have a positive control group of 
animals fed a complete stock ration. This 
would determine whether the growth rate 
were maximal under the conditions em- 
ployed. A higher amino acid requirement 
might be obtained if a still faster rate of 
growth were possible. Also, it would seem 
necessary to continue the experiments 
from four weeks to marketing age if the 
results are to be applied to practical con- 
ditions as was intended in these experi- 
ments. It is possible that differences in 
growth rate might appear after four weeks. 

The results clearly indicate that growing 
pigs have a low requirement for sulfur 
amino acids as compared with other ani- 
mals. This explains why studies such as 
those made with pigs by D. V. Catron et al. 
(J. Animal Sci. 12, 910 (1953)) have 
failed to show growth effects of supple- 
mentary methionine when added to prac- 
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tical rations containing 12 to 14 per cent 
of protein from crude feedstuffs. Although 
no direct application of these studies can 
be made at present to human nutrition, 
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they provide basic information of value 
to those concerned in the formulation of 
rations for swine, a valuable source of meat 
products for man. 


FETAL RESORPTION IN LATHYRISM 


The disease lathyrism results from exces- 
sive consumption of peas of the genus 
Lathyrus. It is seen among inhabitants of 
various parts of the world and has been 
particularly prevalent in India, Scotland 
and Algeria. The most pronounced symptom 
of the disease in man is muscle weakness of 
the legs followed by spasticity and rigidity 
and eventually paralysis (R. Stockman, 
J. Pharm. Exp. Therap. 37, 43 (1929)). B. 
J. Geiger, H. Steenbock, and H. T. Parsons 
(J. Nutrition 6, 427 (1933)) succeeded in 
producing the disease in rats. They fed 
their animals a diet of which approximately 
one-half was ground lathyrus peas. The 
animals receiving this diet exhibited poor 
growth, paralysis of the hind legs and 
marked skeletal changes. The most striking 
of the skeletal changes were spinal curvature 
and deformities of the sternum. 

I. V. Ponseti and W. A. Baird (Am. J. 
Path. 28, 1059 (1952)) studied lathyrism in 
rats and noted, in addition to the skeletal 
changes, lesions of the thoracic aorta. These 
lesions consisted of areas of necrosis which 
led to weakening of the aorta and eventually 
to the appearance of aneurysms. These 
lesions, referred to as dissecting aneurysms, 
occurred only when young rats were fed the 
lathyrogenic diet (Ponseti, J. Bone Joint 
Surg. 836A, 1031 (1954); see also Nutrition 


Reviews 14, 223 (1956)). 


It was apparent quite early in the study 
of lathyrism that the disease was due to a 
toxic factor in the peas and not to a dietary 


_ deficiency. It was shown by Stockman (loc. 


cit.) that the toxic factor could be extracted 
with water. Recently E. D. Schilling and F. 
M. Strong (J. Am. Chem. Soc. 76, 2848 


(1954); Nutrition Reviews 14, 65 (1956)) 
have isolated the lathyrogenic factor from 
Lathyrus odoratus. It was found to be beta- 
(N-gamma-t-glutamy])-aminopropionitrile. 

D. G. Walker and Z. T. Wirtschafter 
(J. Nutrition 68, 147, 161 (1956)) have 
studied the effects of a lathyrogenic diet on 
fetal development. They fed pregnant rats 
a diet consisting of wheat, casein, milk 
powder, salts, vegetable oil, fish oil and 50 
per cent ground lathyrus peas. This diet was 
given to the rats for various time intervals 
following conception. Animals were autop- 
sied at different times and the extent of 
fetal resorption was tabulated. There was no 
evidence of fetal resorption before the 
sixteenth day of gestation even among 
animals fed the lathyrogenic diet since 
conception. When animals were fed the 
lathyrogenic diet for a week or more prior 
to autopsy on the twenty-first day or later 
all the embryos were in various stages of 
resorption. The results demonstrated quite 
clearly that one of the signs of lathyrism in 
the pregnant rat is fetal resorption. 

In the second series of experiments a study 
was made of the effects of hormone treat- 
ment on the fetal resorption resulting from 
the feeding of lathyrus peas. There were 
four groups of rats, all of which were fed the 
diet containing 50 per cent lathyrus peas. 
One group received no hormone treatment 
and three other groups were given daily 
injections of estrone, progesterone, and the 
combination of the two respectively. The 
animals were all autopsied on the twenty- 
first day of gestation. In the animals receiv- 
ing no hormone therapy there were no 
normal embryos. The percentage of normal 
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embryos found in the other groups were: 
estrone treated, 10; progesterone treated, 
37; and progesterone plus estrone, 64. It is 
thus apparent that hormone therapy gave 
considerable protection against the fetal 
resorption occurring in lathyrism. 

These results show that the developing 
embryo is quite sensitive to the toxic factor 
in lathyrus peas. Although it was not proved 
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that the fetal resorption was due to the 
same factor which produces the other signs 
of lathyrism, this seems quite likely. The 
diet used probably was not seriously 
deficient in any essential nutrients. The 
protection afforded by hormone treatment 
is of interest and may aid in the elucidation 
of the mechanism responsible for the 
resorption. 


LIPOGENESIS IN HEREDITARILY OBESE HYPERGLYCEMIC MICE 


The experiments of J. Mayer and his 
collaborators have demonstrated that he- 
reditarily obese hyperglycemic mice, unlike 
other experimentally obese animals, show 
decreased oxidation of acetate to carbon 
dioxide and increased incorporation into 
fatty acids and cholesterol (J. Mayer, 
Physiol. Rev. 33, 472 (1953); Nutrition 
Reviews 11, 88 (1953); 12, 121 (1954)). How- 
ever, the exact nature of the basic lesion 
has not been apparent, and both hormonal 
(Mayer, 8. B. Andrus, and D. J. Silides, 
Endocrinology 53, 572 (1953)) and enzymatic 
(Mayer, loc. cit.) abnormalities have been 
suggested. 

In an extension of this work, D. J. 
Silides and J. Mayer (Kxperientia 12, 66 
(1956)) investigated the effect of various 
hormonal and dietary treatments on acetate 
incorporation into fatty acids by these 
obese mice and their nonobese littermates. 
Untreated obese mice showed a total reten- 
tion of injected acetate about four times 
that of nonobese controls. Insulin injection 
increased the acetate retention of both 
obese and control mice, but was much more 
effective in the latter, in which the levels 
attained were almost as high as those reached 
by the former. Growth hormone decreased 
lipogenesis in the obese animals but had the 
opposite effect in the nonobese mice. The 
effect of glucagon (Nutrition Reviews 12, 
132 (1954)) was similar to that of growth 
hormone, supporting the hypothesis that 
part of the action of growth hormone is 


through increased secretion of glucagon. 
Fasting (for eighteen hours) reduced acetate 
incorporation in both obese and nonobese 
mice as did a high fat diet (75 per cent of 
calories from fat). With both these dietary 
treatments the acetate incorporation by the 
obese mice was significantly higher than 
that by the nonobese animals; in fact, the 
fasted or high-fat fed mice incorporated 
acetate into fatty acids to an extent very 
similar to that of nonfasted normal mice, 
demonstrating that, even under these con- 
ditions, lipogenesis proceeds at a high rate. 

Some indication of the basic alteration in 
metabolism of the hereditarily obese mice 
is gained by the finding that glucagon- 
treated fasting normal mice showed a lipo- 
genesis in both liver and carcass very similar 
to that of fasting untreated obese mice. 
Further confirmation of the hormonal im- 
balance theory is seen in the finding that 
insulin increased lipogenesis in the obese 
mice only about twofold as compared with 
a six- to sevenfold increase for the nonobese 
animals. 

The authors suggest that these experi- 
ments support the hypothesis, based on 
previous evidence, that the hyperglycemic 
obesity stems in part from the increased 
insulin secretion brought about by the 
hypersecretion of glucagon caused by in- 
creased sensitivity to growth hormone. 
Further investigation of possible alterations 
in enzyme activity, however, would also be 
of interest. 
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GROWTH-PROMOTING ACTION OF DIETARY FAT 


The growth-promoting properties of die- 
tary fat have often been ascribed to its 
content of the essential fatty acids. How- 
ever, a low fat diet supplemented with 
adequate amounts of linoleic or arachidonic 
acids is still not the equivalent of a diet 
containing 20 to 30 per cent of a natural 
fat (Nutrition Reviews 6, 80 (1948); S. M. 
Greenberg, C. E. Calbert, E. E. Savage, and 
H. J. Deuel, J. Nutrition 41, 473 (1950); 
Greenberg, Calbert, Deuel, and J. B. 
Brown, Jbid. 45, 521 (1951)). It has been 
considered a possibility that fat contains 
essential nutrients other than the essential 
fatty acids, in which case the beneficial 
effect should bear a direct relationship to 
the fat content of the diet. It is equally 
possible, however, that a certain per cent 
of fat per se is an important dietary constit- 
uent. Although 20 to 30 per cent has been 
widely accepted as the optimum amount 
of dietary fat, the evidence on this point has 
not been clear-cut, nor has it been considered 
in the light of the differences in composition 
of the various natural fats. 

In an attempt to clarify some of these 
problems, H. J. Thomasson (J. Nutrition 56, 
455 (1955)) has made a study of the growth- 
promoting effect in rats of twenty different 
fats at seven dietary levels. Eight groups of 
8 weanling rats were used for each fat 
studied. Diets contained the same amount 
of protein and 10, 20, 30, 40, 50, 60 and 73 
Calories per cent of diet of the fat being 
tested plus a reference standard containing 
20 Calories per cent of summer butterfat. 
The growth rates of the groups on lard and 
summer butterfat showed no significant 
differences with increased fat content of the 
diet. With all other fats a decrease in 
growth rate accompanied an increase in the 
proportion of fat. This inhibition of growth 
rate was not significant for olive or cotton- 
seed oils or for winter butterfat, beef fat, or 
shea butter (a solid white fat from the seeds 
of the African shea tree). Corn oil, soybean 


oil, peanut oil and palm fat were significantly 
inhibitory at the highest level, while sun- 
flower and poppyseed oils, coconut fat, 
sesame and owala (oil from the seeds of the 
owala tree, a tropical African tree of the 
mimosa family) oils, and herring and whale 
oils were increasingly inhibitory at lower 
levels. Rapeseed and kapokseed oils were 
not only inhibitory but were also somewhat 
toxic, resulting in death of the rats at the 
73 per cent dietary level for the former and 
the 40 per cent level for the latter. Food 
efficiency was approximately the same for 
most of the fats, indicating that the weight 
increase per calorie is independent of the 
type of fat and its level in the diet. 

These experiments argue against the 
existence of an unknown essential nutrient 
as the growth-promoting substance in fat, 
since in this case increasing the per cent of a 
fat in a diet with low growth effect should 
make the diet equal to one containing 
butterfat. In actual fact, the opposite 
result occurred, leading the author to 
postulate that a growth-retarding substance 
was responsible for the poor weight gain 
from many of the fats. In the case of rape- 
seed oil, such a component was found to be 
erucic acid (13-docosaenoic acid), which 
caused diminished growth rate when in- 
corporated into the diet at levels up to 60 
Calories per cent, and death at the 73 per 
cent level (H. J. Thomasson and J. Boldingh, 
J. Nutrition 66, 469 (1955)). In the case of 
the other fats with low growth-promoting 
properties, the presence of similar fatty 
acids can be postulated. In each case, the 
fats which have been analyzed have been 
found to contain relatively large amounts of 
the 20- and 22-carbon fatty acids. 

Another possible explanation for the 
different growth effects of various fats may 
be found in the experiments of C. Y. Hop- 
kins, T. K. Murray, and J. A. Campbell 
(Canad. J. Biochem. Physiol. 33, 1047 
(1955); Nutrition Reviews 14, 221 (1956)), 
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which indicated that, at the 20 per cent 
level, a fat containing about 70 per cent 
of oleic acid gave the greatest growth 
rate. This concept, however, may not have 
included sufficient consideration of the role 
of the essential fatty acids or the inhibitory 
effect of erucic acid. 

The finding that food intake can be 
lowered (at least in rats) by inclusion of 
certain fats in the diet may lend support 
to proposals for reducing diets which contain 
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large amounts of fat (Nutrition Reviews 10, 
109 (1952)). However, it is becoming in- 
creasingly evident that growth rate may not 
be the best criterion for judging nutritional 
adequacy of a diet. It has recently been 
shown that although a relatively high fat 
diet promotes a high rate of growth, it may 
result in a decreased life span (Jbid. 13, 278 
(1955)). That this may be the case in the 
present series of experiments is suggested 
by the authors. 


CALORIC VALUE AND COMPOSITION OF FOODS 


In practice, estimates of the calorie value 
of most foods have been made on the basis of 
their chemical composition, by using con- 
version factors for the content of crude 
protein, ether extract and carbohydrate 
(by difference). The factors have approx- 
imated 4, 9 and 4 calories per gram re- 
spectively. 

The figure for ‘“‘carbohydrate, by dif- 
ference”’ is of course obtained as the residue 
after crude protein, ether extract, ash, 
moisture and crude fiber have been deducted 
from the total weight of the material. This 
fraction is therefore brought into solution by 
the combination of an acid and an alkaline 
digestion process but is not necessarily 
equally digestible under the conditions 
found in the alimentary tract. In fact, there 
is evidence that many carbohydrates in- 
cluded in this fraction are of no value to 
man or other nonruminants. For this reason 
some British food tables have replaced the 
old figures for ‘“‘carbohydrate, by difference” 
by analyses for ‘‘available carbohydrate,” 
defined as ‘‘starches, dextrins, di- and mono- 
saccharides,”’ with the underlying assump- 
tions that these are the only carbohydrates 
providing calories, at any rate in significant 
amounts (Med. Res. Council (War) Memor- 
andum No. 14 (1946)). 

However, although the old method was 
known to be only approximate, the new 
method has not been generally adopted, 


perhaps because the analytic procedures are 
more complex, and there is not enough 
information to gauge how much more 
precision can be gained by its use. Of in- 
terest, therefore, is a recent study in the 
field of animal nutrition in which “available 
carbohydrate”’ analyses were carried out by 
a simplified method, described by K. M. 
Clegg (J. Sci. Food Agr. 7, 40 (19686)). 
This was an adaptation of the “anthrone” 
method designed to be applicable to cereals 
and a wide range of feedstuffs. The simple 
sugars were first extracted with alcohol, and 
the residual starches were brought into 
solution with perchloric acid, following the 
procedure of R. M. McCready, J. Guggolz, 
V. Silviera, and H. S. Owens (Anal. Chem. 
22, 1156 (1950)). To aliquots of each extract 
a solution of anthrone in dilute sulfuric acid 
was added, and the resulting blue color was 
compared with that obtained with pure 
glucose solutions under standard con- 
ditions. Under these conditions pure starches 
and dextrins gave the values expected for 
full conversion to glucose. Alpha-cellulose 
gave no color, and the pentose sugars 
arabinose and xylose gave 6.5 and 15 per 
cent respectively of the color intensities 
obtained with glucose. The dextrins were 
distributed between the two fractions, but 
this did not affect the present application 
where only the sum of “starch + sugars” 
was considered. 
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K. J. Carpenter and K. M. Clegg (J. 
Sci. Food Agr. 7, 45 (1956)) then used both 
this procedure and the traditional method of 
proximate analysis to analyze 17 feedstuffs 
and mixtures, for which direct measures of 
metabolizable energy value had also been 
obtained, using laying chickens in individual 
cages. To obtain these last values the feeds 
were balanced with minerals, vitamins, and 
also with casein where necessary. The 
metabolizable energy values were then 
calculated as the difference between the 
gross energy (measured in the bomb calor- 
imeter) of feed and excreta, with small 
allowance for the known value of the sup- 
plements. The small correction for nitrogen 
retention, recommended by some authors 
for consistency, was not made in this study. 

With this information it was possible to 
compare the correlation between the calorie 
value and chemical composition of the feeds 
under the two systems of analysis. Obviously 
the same relationship would not be found 
with each, since the ratio of “starch + 
sugars” to “carbohydrate, by difference” 
varied greatly for the different materials. It 
was highest for corn where the figures were 
64 and 74 per cent of the feed respectively, 
and lowest for wheat bran where the figures 
were 16 and 55 per cent respectively. In 
other words, less than one third of the 
“carbohydrate, by difference’ fraction in 
wheat bran was made up of starches and 
sugars, although it was all brought into 
solution in the procedure for determining 
crude fiber. In contrast, in corn, and also in 
sorghum and wheat, over four fifths of this 
fraction was made up of “available carbo- 
hydrates.” 

A correlation diagram of “‘metabolizable 
energy” was plotted against “24 X % 
ether extract + % crude protein + carbo- 
hydrate, by difference’ for the 17 materials. 
On the usual “9, 4, 4” assumption this 
should have given points ranging about a 
line through the common origin. Such was 
not found to be the case. The proportional 
differences were much less for the chemical 
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measure than for the calorie values. Thus, 
the range of energy values were between 
approximately 1300 and 3500 calories per 
gram (t.e., nearly a threefold difference), 
whereas the corresponding chemical meas- 
ures were 78 and 90 per cent respectively. 

In contrast to this, plotting the same 
metabolizable energy values against the 
same chemical measure with “1.1 X % 
starch + % sugars” in place of “carbo- 
hydrate, by difference’ did give points 
scattered about a regression line going close 
to the common origin. This implied a 
greater spread in the chemical measure, 
which ranged from 40 to 88 per cent. 
Statistical analysis showed that the best 
estimate of the calorie value (y) of the test 
was obtained from the equation: 


y = 53 + 38 (per cent crude protein 
+ 2.25 X per cent ether extract 
+ 1.1 X per cent starch + per 
cent sugars), 


and that this estimate had a standard 
deviation of +190 calories per gram from 
the determined value, as compared with a 
standard deviation of +340 calories per 
gram for the best prediction that could be 
made from the proximate analyses alone. 

Also tested in this study was the sug- 
gestion, made from time to time, that a good 
estimate of the metabolizable or digestible 
energies of foods can be obtained by first 
using direct bomb calorimetry to determine 
gross energy, and then converting this to 
metabolizable or digestible energy values by 
applying a correction factor based on the 
fiber content of the particular food. The 
data obtained here did not support the use 
of such a procedure, since the best estimates 
that could be obtained on this basis had a 
standard deviation of +320 calories per 
gram from the determined values. 

In the past the low energy values of some 
cereals and cereal by-products have been 
considered to be the result of some of the 
otherwise digestible carbohydrates being so 
wrapped around with fiber that they could 
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not be reached by the enzymes of the 
digestive tract. Differences in the chemical 
nature of the carbohydrates seem, however, 
to provide a simpler and sufficient expla- 
nation. W. Bolton (J. Agr. Sci. 46, 119 
(1955)), in a recent re-examination of the 
digestibility in chickens of different carbo- 
hydrates in cereals, has shown that starch 
and saccharides are always almost com- 
pletely digested, and that the pentosans, 
hemicelluloses and legumes always provide 
a very small amount of digestible nutrients 
regardless of the material studied. 

In view of the close agreement between 
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reported metabolizable energy values of 
similar materials for man, the rat and the 
chicken, these studies seem to give further 
encouragement to the adoption of routine 
analysis for “starch + sugars” in the 
preparation of food tables. With the use of 
the anthrone reagent for this purpose, it 
should involve little extra laboratory work. 
The main remaining difficulty would be in 
the case of such foods as fruits where a fair 
proportion of the caloric value may be 
derived from organic acids (such as citric 
acid) rather than from carbohydrates as 
such. 


THE DIGESTION AND ABSORPTION OF FAT 


Interesting recent developments regard- 
ing the digestion and absorption of fat have 
been summarized by F. H. Mattson (Food 
Research 21, 34 (1956)). He points out that 
from 25 to 40 per cent of the calories in the 
average American diet are supplied by fat, 
yet it is only within recent years that a clear 
understanding has developed of how dietary 
fat is made available to the body (see 
Nutrition Reviews 13, 25, see esp. p. 28 
(1955)). 

The early observation of the presence of a 
lipase in the stomach of the dog (M. Hull and 
R. W. Keeton, J. Biol. Chem. 32, 127 
(1917)), and the recent claim of appreciable 
hydrolysis of saturated triglycerides in the 
stomach (D. C. Herting and S. R. Ames, 
Arch. Biochem. Biophys. 55, 295 (1955)) are 
suggestive of digestive action on lipids in this 
organ. Mattson notes, however, that since 
the pH maximum of the stomach lipase was 
outside the range of pH found in the 
stomach, the evidence of hydrolytic activity 
in this organ could well be due to regurgi- 
tation from the small intestine. 

The studies of A. C. Frazer and H. G. 
Sammons (Biochem. J. 39, 122 (1945)) 
and of P. Desnuelle, M. Naudet, and J. 
Rouzier (Biochim. et biophys. acta 2, 561 


(1948)) established that monoglycerides are 
hydrolytic products of triglycerides in the 
small intestine and that the hydrolysis is a 
series of stepwise reactions (triglyceride to 
diglyceride to monoglyceride to glycerol). It 
was supposed that hydrolysis was random 
until the careful studies by Mattson and 
associates demonstrated, by isolation of 
isomeric forms, that hydrolysis appears to be 
limited to the fatty acids in the 1- and 3- 
positions of glycerol (F. H. Mattson, J. H. 
Benedict, J. B. Martin, and L. W. Beck, 
J. Nutrition 48, 335 (1952)). Rats were ad- 
ministered the triglyceride with oleic acid in 
the 2-position and palmitic acid in the 1- and 
3-positions. Three hours later the intestinal 
contents contained monoolein as the pre- 
dominant monoglyceride and the free fatty 
acids were palmitic. Since both 1- and 2- 
positions on the glycerol molecule were 
occupied by oleic acid in the isolates, it ap- 
peared that the 1-monoolein had arisen as a 
result of isomerization of the 2-monoolein. 
The probable route of hydrolysis thus would 
appear to be triglyceride to 1 ,2-diglyceride 
to 2-monoglyceride, with fatty acid being 
released at each step. 

D. H. Blankenhorn and E. H. Ahrens 
(J. Biol. Chem. 212, 69 (1955)) have re- 














ae ba PH di " 








—llio ao ae ee. 


Co — eS 


in 


ild 


ns 








ee 





NT SS ET a) 








October, 1956] 


cently reported the formation of 2-mono- 
glycerides and 1,2-diglycerides in the 
intestinal tract of human subjects. B. 
Borgstrém (Acta chem. Scandinav. 7, 557 
(1953); Biochim. et biophys. acta 13, 491 
(1954)) in in vitro studies with pancreatic 
lipase had demonstrated similar inter- 
mediates in the hydrolysis of triglycerides. 
By incubating a mixture of untagged tri- 
glycerides and radioactive tagged fatty acids 
in the presence of pancreatic lipase, Borg- 
strém noted that only the 1- and 3-positions 
of glycerol participated in the reactions. The 
recent in vitro studies of F. H. Mattson and 
L. W. Beck (J. Biol. Chem. 214, 115 (1956); 
Nutrition Reviews 14, 88 (1956)) have also 
demonstrated that monoglyceride is the final 
product of triglyceride digestion by intesti- 
nal lipase (steapsin). 

Thus the course of hydrolysis in vitro, as 
well as in vivo, appears to be from glycerides 
to 1,2-diglycerides to monoglycerides, with 
fatty acid being released at each step. From 
these results the enzyme would seem to be 
specific for reactions occurring at the 
primary hydroxy! group of glycerol. 

A relatively clear picture of the mechanism 
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of fat digestion is thus at hand. The same 
does not appear to be true for fat absorption 
from the intestinal tract. Evidence indicates 
that the more fat-soluble fatty acids leave 
the intestine via the thoracic duct, while the 
more water-soluble fatty acids are trans- 
ported via the portal vein. Twelve-carbon 
fatty acids are transported partly by each of 
these routes. The recent preliminary results 
of Mattson with the triglyceride stearoy] 
diacetin are of interest. The stearic portion of 
the molecule is partially converted to pal- 
mitic acid and unsaturated fatty acids by 
the time it reaches the thoracic duct. 
Change of the amount of saturation and 
chain length of absorbed fatty acids thus 
appears to be one of the processes occurring 
in the intestinal wall. 

Although the mechanism of fat digestion 
is rather conclusively established, the 
mechanisms involved in the resynthesis of 
triglycerides in the intestinal wall remain 
obscure. Mattson points out that, if it should 
be determined that this synthetic process is 
a directed one, such as occurs in digestion, 
present concepts of fat absorption will need 
to be re-evaluated. 


NEWER OBSERVATIONS OF PANCREATIC DAMAGE FROM DRUGS 


The role of the pancreas in nutritional and 
metabolic disease has been investigated 
extensively in experimental animals within 
the past few years, often by producing 
specific damage to one or another part of the 
organ with certain drugs. Thus alloxan has 
been used to damage the beta cells, cobalt 
salts to damage the alpha cells and ethionine 
to produce acinar degeneration. Further- 
more, there has been a good deal of study of 
the function of various cells of the gland, 
particularly the alpha and beta cells, by 
performance of biochemical determinations 
following administration of one or more of 
these drugs. For example, some investigators 
have reasoned that, since administration of 





cobalt salts to rabbits and dogs is not 
followed by hypoglycemia, the alpha cells 
are probably not the site 
formation. 

Two recent experimental pathologic stud- 
ies may help to improve the general under- 
standing of the effects of drugs on pancreatic 
structure and function. These studies should 
also help clarify some of the apparent in- 
consistencies in previous observations. Both 
investigations tend to cast doubt on the 
specific and sustained pathologic effects of 
drugs on the pancreas. 

In the first study observations of T. D. 
Kinney, N. Kaufman, and J. V. Klavins 
(Arch. Path. 60, 639 (1955)) indicate that 
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the effects of dietary ethionine on the pan- 
creatic acini of the rat are only transient 
when 0.5 per cent ethionine is added to an 18 
per cent casein ration. These investigators 
killed and autopsied groups of control rats 
and groups of ethionine-fed rats at ten, 
twenty-eight and sixty-three days after the 
diets were started. At ten and twenty-eight 
days they observed the pancreatic changes 
similar to those described by other investi- 
gators following ethionine administration. 
These consisted of degeneration and necrosis 
of the pancreatic acini accompanied by in- 
flammatory changes. However, parts of the 
pancreas of rats fed ethionine for twenty- 
eight days showed evidence of active re- 
generation. After sixty-three days of con- 
tinuous feeding of ethionine in the ration the 
regenerated areas in the pancreas were more 
prominent and differentiated. In fact, some 
areas appeared similar to normal pancreas 
tissue. Loss of body weight which had char- 
acterized the early period of ethionine 
feeding stopped and this weight had largely 
been regained by sixty-three days. The 
authors suggest that the return to normal of 
plasma diastase levels observed by other 
workers following an initial fall and a 
transient rise when rats are fed ethionine 
(N. Henning and K. Heinkel, Z. f. d. ges. 
exp. Med. 120, 221 (1953)) may be accounted 
for by this regenerative process. Certainly 
any further reasoning regarding the effects 
of ethionine on pancreatic function (Kinney, 
Kaufman, and Klavins, J. Exp. Med. 102, 
151 (1955); Nutrition Reviews 14, 22 (1956)) 
will have to include consideration of the 
function of the regenerated pancreas. 

The second study involves a re-evaluation 
of the histologic effects of cobaltous chloride 
on the pancreatic islets (J. H. Fodden, 
Arch. Path. 61, 65 (1956)). Fodden has 
studied the pancreas of the monkey, dog, 
cat, rabbit, guinea pig, rat and a teleost 
fish following various dosages of cobalt and 
at differing intervals after cobaltous chloride 
administration. In addition to the chrome 
hematoxyline-phloxine islet stain of Gomori, 
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the islets were examined by the phosphatase 
technic and in selected instances evidence for 
cobalt localization in the alpha cells was 
sought by chemical and radioautographic 
technics. Alloxan was also used to destroy the 
beta cells prior to cobalt administration so 
that alpha cell changes could be evaluated in 
the absence of intact beta cells. The study 
confirmed the relatively specific cytotoxic 
effects of alloxan on the beta cells in the dog, 
rabbit, rat, guinea pig and toad fish, but in 
none of the species studied was there definite 
evidence of necrosis of alpha cells following 
cobalt administration. Although the guinea 
pig showed the most definite changes in 
alpha cells following injection of cobalt, 
actual necrosis was rare and always focal. 
The most constant finding was degranula- 
tion of the alpha cells with little or no 
evidence of degenerative change. Similar 
degranulation was frequently seen in beta 
cells as well. In the guinea pig there was, in 
addition, some evidence of hydropic de- 
generation. All of the changes noted were 
thought to be reversible and the nuclei of the 
affected cells were practically always normal. 

Whether administration of cobalt can lead 
to a transient decrease in alpha cell function 
is not answered by Fodden’s study, but in 
the light of his observations there should be 
no problem in explaining the lack of cor- 
relation previously observed between hy- 
poglycemia and cobalt administration. Even 
if a few alpha cells were temporarily non- 
functional the focal character of the damage 
would be compatible with continued gluca- 
gon formation. Fodden’s observations refute 
the statement of previous investigators that 
‘“‘a simple chemical method for the destruc- 
tion of alpha cells is now available.” It 
appears that his comprehensive study will 
help explain the paradoxic results recorded 
by other workers (M. R. R. Rao and N. N. 
De, Acta endocrinologica 18, 293 (1955)), 
who assumed that the alpha cells were not 
functioning after cobalt had been ad- 
ministered. 
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THE PROTEIN REQUIREMENT OF DOGS 


Little information is available on the 
minimum protein or amino acid require- 
ments of young growing dogs. When soy- 
bean, meat, fish meals and flaked cereals 
were used as a mixed-protein source in a 
diet for cocker spaniel puppies, 15 per cent 
of dietary protein was suboptimum for 
growth while the 20 per cent level supported 
good growth (V. Heiman, J. Am. Vet. 
Med. Assn. 111, 304 (1947)). 

In a recent study the quantitative protein 
requirement ef growing dogs was de- 
termined (C. F. Gessert and P. H. Phillips, 
J. Nutrition 68, 416 (1956)). The basal diet 
was designed to contain 10 to 11 per cent of 
protein, well balanced with respect to 
essential amino acids. The diet consisted of 
the following (in per cent): dried skim milk, 
10; alfalfa leaf meal, 5; dried primary 
brewer’s yeast, 3; expeller processed soy- 
bean meal, 5; ground corn meal, 25; sucrose, 


| 44; lard, 6; iodized salt, 1; and calcium 


orthophosphate (CaHPQ,-2H,0), 1. Each 
kilogram of diet was supplemented with 
vitamin A (1000 1.v.), vitamin D (900 1.v.) 
and vitamin By. (10 micrograms). The basal 
mixture averaged 10.6 per cent in protein, 
and replacement of appropriate portions of 
the sucrose component with casein pe?- 
mitted an evaluation of protein levels of 
12.8, 15.0, 17.2 and 19.4 per cent. Each 
protein level was tested on 8 puppies; one 
animal from each of 8 litters was assigned to 


' each of the five treatments. The puppies 
_ (2 beagles and 6 mongrels per group) were 


started on the experiment at 6 to 7 weeks of 
age and were kept on the experiment for 14 
weeks or more. Puppies on the basal diet 
(10.8 per cent of protein) gained only 2.98 
kg. during a twelve-week period. Each added 
portion of dietary protein caused an increase 
in growth rate until the 17.2 per cent 
protein level was reached (6.82 kg. gain in 
twelve weeks). Increasing the dietary pro- 
tein from 10.6 to 12.8 per cent improved 
efficiency of feed utilization from 0.17 kg. 


of body weight gain per kilogram of diet to 
0.24 kg. of weight gain per kilogram of diet 
consumed. Further increments of dietary 
protein failed to improve the efficiency of the 
diet appreciably. 

Since the diet containing 17.2 per cent of 
protein produced satisfactory growth, it was 
assumed that none of the requirements for 
individual amino acids exceeded the amounts 
present in this diet. Estimates, based on 
values in the literature, of the amino acid 
composition of the 17.2 per cent protein diet 
indicated that all amino acids were present 
in amounts considered necessary for rat 
growth. A similar evaluation of the 15 per 
cent protein diet indicated adequacy for all 
amino acids except methionine and trypto- 
phan. 

In a further study C. F. Gessert and P. H. 
Phillips (J. Nutrition 68, 423 (1956); see also 
Nutrition Reviews 14, 225 (1956)) attempted 
to improve the basal diet by the addition of 
several amino acids that appeared to be 
present in insufficient amounts. The follow- 
ing individual supplements were tested with 
8 or 9 collie-shepherd puppies per treatment: 
0.5 per cent of L-lysine hydrochloride, the 
lysine plus 0.3 per cent of pL-methionine, the 
lysine and methionine plus 0.2 per cent of 
L-histidine hydrochloride (HCl-H:O), and 
10 per cent of casein. When compared with 
the basal diet, the average ten-week body 
weight gains were —28, +12, +22 and +75 
per cent respectively. Thus, lysine alone 
actually produced a growth depression 
whereas the addition of lysine with methi- 
onine or histidine, or both, resulted in 
growth improvement over that on the basal 
diet. 

In a further trial the basal diet was 
modified by replacing the corn, soybean oil 
meal and most of the sucrose with corn 
flakes. This diet contained 11.0 to 11.2 per 
cent of protein (nitrogen X 6.25). Supple- 
mentation with pui-methionine alone (0.15 
per cent) resulted in growth depression (64 
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per cent of the body weight gain on the 
basal diet). Methionine plus L-lysine hy- 
drochloride (0.16 per cent) supplementation 
improved growth (158 per cent of weight 
gain on control diet). Supplementation with 
DiL-tryptophan (0.10 per cent) and methi- 
onine also suppressed growth to 86 per cent 
of the control value. Methionine, lysine and 
tryptophan combined resulted in gains equal 
to 162 per cent of that observed on the basal 
diet. 

It is pertinent that the methionine sup- 
plementation used, which resulted in growth 
depression, was that considered necessary to 
correct the deficiency of this amino acid for 
growing rats. Also, when lysine was added to 
the basal diet in an amount sufficient only to 
meet the requirement of the rat, the rate of 
growth of the puppies was depressed. 
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The importance of appropriate amino acid 
proportions in the diet has been discussed by 
N. W. Flodin (J. Agr. Food Chem. 1, 222 
(1953)) from the standpoint of human 
nutrition problems, and _ several recent 
publications have emphasized that growth 
retardations in rats can be demonstrated by 
relatively slight imbalances of certain of the 
amino acids (Nutrition Reviews 11, 61 
(1953); 12, 151 (1954)). 

Gessert and Phillips emphasize that 
caution should be used in trying to improve 
low-protein diets for growing dogs by the 
addition of single amino acids. These results 
confirm the earlier observations in rats, 
namely, that in adding amino acids to low 
protein diets the balance of these acids is 
critical for growing animals. 


BODY FAT AND BODY WATER 


Several workers have observed that water 
constitutes a remarkably constant propor- 
tion of the fat-free body mass. Thus N. 
Pace and E. N. Rathbun (J. Biol. Chem. 
158, 685 (1945)) arrived at a K (constant) 
value of 0.732 (7.e., water content of fat- 
free body tissue equals 73.2 per cent by 
weight) on the basis of data on eviscerated 
guinea pigs. This constant has also been 
applied to the estimation of body compo- 
sition in man through the indirect determi- 
nation of body water. A. Keys and J. Brozek 
(Physiol. Rev. 33, 245 (1953)) have criticized 
such procedures from the point of view that 
water concentration in the fat-free body 
may not actually be independent of body 
fat. Accretion in adipose tissue may lead 
equally to the addition of water to the fat- 
free body, the K value increasing con- 
comitantly. 

With this possibility in mind, L.-M. 
Babineau and E. Pagé (Canad. J. Biochem. 
Physiol. 33, 970 (1955)) have attempted to 
define more precisely the relationship 
existing between body fat and body water. 


Comparison was made of the body compo- | 


sition of rats adapted to cold or kept at room 
temperature. Effects of diet on body water 
were also noted. 

Four groups of adult male rats were used. 
One group was killed immediately. A second 
group was kept at room temperature for 
twenty-one to twenty-two days prior to 
being killed. Two other groups were main- 
tained at 11°C. for thirty-one to thirty-two 
and fifty-one to fifty-eight days respectively. 
Diets of all animals consisted of casein, 20 
per cent; hydrogenated vegetable oil, 8 per 
cent; wheat germ oil, 2 per cent; mineral 


salts, 5 per cent; cellulose, 2 per cent; and | 


sucrose, 63 per cent. 

Fresh body weight was assumed to be that 
of the intact animals less the digestive tract. 
Total body lipid was measured by extraction 
of the mixed tissues in a Soxhlet extractor 
with alcohol and ether. The dried residue 
(kept overnight at 60°C.) in the Soxhlet 
thimbles was taken as the fat-free portion. 
Body water was assumed to be equal to the 
fresh body weight less total fat and fat-free 











| Oct 


dry 
the 
dit 


; ren 
| tot 
) fat 


shi 


tw 
nol 
fat 
att 
col 
nol 
sec 
gal 
se\ 
m«¢ 
Th 
up 
of 


wa 
cel 
thi 
gre 
wa 
tel 


| fat 


tal 


im) 


at 
ve 
the 
ilts 
its, 
ow 
: is 


po- 
om 
iter 


ed. 
ond 
for 
to 
4in- 
two 
ely. 
20 
per 
eral 
and 


hat 
act. 
tion 
ctor 
due 
hlet 
jon. 

the 
free 


October, 1956) 


: 
i 


y+ 














dry matter. In the last group of rats killed, 
the fat-free dry matter was dried an ad- 
ditional six hours at 130°C. This treatment 


_ removed an additional one per cent of the 


total body water. Detailed analyses of water, 


| fat, and nonfat dry matter interrelation- 


ships were restricted to this group. 

Rats exposed to cold thirty-one to thirty- 
two days showed an average gain of 9.4 g. of 
nonfat dry matter with an identical loss of 
fat. The rats allowed to gain at room temper- 
ature weighed more than the rats kept in the 
cold for one month, but the body gain in 
nonfat material was similar. During the 
second month of exposure to cold, however, 
gains of nonfat dry matter were only one 
seventh of those registered during the first 
month whereas fat depots were replenished. 
The authors noted that these findings point 
up the unreliability of live weight as an index 
of “‘growth.”’ 

It was found by the above procedures that 
water comprised about 71.05 to 71.79 per 
cent of the fat-free body weight in the first 
three groups discussed above. In the last 
group of rats, in which the nonfat dry matter 
was completely desiccated, the water con- 
tent rose from 71.37 to 72.00 per cent of the 


fat-free body weight. The latter value is 


taken as more representative. 
Since the laying down of adipose tissue 
involves concomitant increases of nonfat 
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material and water, significant disturbance 
of the ratio of water to fat-free material in 
the whole body depends upon the ratio of 
these materials in the fatty tissue itself. 
The above results would predict that the 
ratio in this tissue is nearly the same as that 
for the rest of the body. Accordingly, it was 
observed that an increase of body fat as high 
as 50 per cent did not disturb the ratio of 
water to fat-free material in three tissue 
samples studied, the pelt, the adipose tissue 
and the whole animal. 

When different portions of the fatty tissue 
itself were submitted to individual analysis 
it was found that in the panniculus adiposus 
(which contained a good deal of fascia) the 
ratio of water to fat-free dry matter was 
practically identical to that found in the 
body as a whole (71.3 per cent). However, 
the per cent of water found in the perirenal 
fat was rather high (83.1 per cent). The 
authors claim that this high value has little 
effect on the ratio in the fat-free carcass as a 
whole since the perirenal fat is present as a 
low percentage of the total fat. Indeed, the 
per cent of fat-free dry matter in adipose 
tissue seems to be so low that approximately 
50 per cent of the body fat could contain the 
proportions of water seen in perirenal fat 
before the K value would be significantly 
affected. 


FORCED FEEDING FOLLOWING IRRADIATION 


Near lethal doses of whole body irradiation 
are followed in most laboratory animals by 
periods of anorexia and weight loss (L. F. 
Nims and E. Sutton, Am. J. Physiol. 171, 
17 (1952); D. E. Smith and E. B. Tyree, 
Ibid. 177, 251 (1954)). It has thus seemed 
reasonable that since tissue damage and 
repair occur during the interval after 
irradiation, induced or forced intake of food 
might provide a needed source of energy and 
materials for synthesis and would thus 
hasten recovery and reduce mortality. On 


the other hand, it is possible that added 
foodstuffs could prove detrimental to the 
animal during the struggle to regain nor- 
maley. 

To determine which of the above pos- 
sibilities is the case and to answer several 
related questions, D. E. Smith and E. B. 
Tyree (Radiation Research 4, 435 (1956)) 
have performed a series of experiments on 
rats in which various doses of irradiation 
were followed by fluid diets given ad libitum 
or forced feedings. In an initial experiment, 
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the caloric intakes and body weights of 
rats. given 800 roentgens of irradiation (80 
per cent of the lethal dose) and having 
access to a commercial ration were com- 
pared with those of rats having access only 
to milk diluted so that one milliliter pro- 
vided one Calorie. After exposure, the 
groups on the milk diet and the commercial 
ration were not significantly different in 
regard to caloric intake, body weight, and 
mortality. Since the rat usually consumes 
large volumes of fluid during the forty- 
eight hours after exposure to irradiation, 
and as the milk was the sole source of fluid, 
it appears that aversion to food outweighs 
thirst following X-irradiation. 

Forced feeding of 10 ml. of diet A (120 
g. of cellu flour, 40 g. of U.S.P. salt mixture 
No. 2, 10 ml. of cod liver oil, 10 ml. of 
wheat germ oil, 175 ml. of corn oil, 100 g. of 
brewer’s yeast, 600 g. of whole milk powder, 
and water to make 2000 ml.) twice daily 
caused rats receiving 800 roentgens to gain 
weight but increased the death rate to 100 
per cent in five days. Pretreatment with 
cysteine, which is markedly effective in 
increasing the survival of animals exposed to 
lethal doses of X-rays, resulted in earlier 
recovery from anorexia and prevented the 
early mortality due to forced feeding. 
Antibiotic treatment (terramycin, aureo- 
mycin, streptomycin, or dihydrostrepto- 
mycin) did not alter the course of mortality 
or the weight change. 

With the dual purpose of determining (1) 
whether a fluid diet would be more ad- 
vantageous than the semifluid diet A and 
(2) whether forced feeding would have a 
more favorable effect if used with sublethal 
doses, diet B, a 10 per cent protein hydroly- 
sate and 25 per cent dextrose solution, was 
fed to rats. Feeding 9 ml. of diet B twice 
daily was begun seven days prior to ir- 
radiation with 250, 500, and 800 roentgens 
of X-rays. This amount of diet was in- 
sufficient to maintain body weight in non- 
irradiated control rats. In the 250- and 500- 
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roentgen experiments the diet did prevent 
the large weight loss experienced with 
irradiated controls (fed ad libitum on the 
commercial ration). No alteration in mor- 
tality was observed. On cessation of forced 
feeding (five days after irradiation) and 
resumption of the commercial diet, the 
irradiated and control groups of the 250- 
roentgen study showed similar levels of food 
intake and increases in body weight. The 
situation was slightly different for the 500- 
roentgen animals, the force-fed rats lagging 
two days behind the nonirradiated controls. 

The authors conclude the forced feeding 
was helpful in these sublethally irradiated 
groups. However, slowing of the rate of 
weight loss has not been shown to be a 
valid criterion of the progress of recovery 
from irradiation. Blood counts, serum 
lipoprotein profiles, or tissue histologic 
studies may provide more accurate indexes. 
Moreover, it should be pointed out that the 
rats on diet B were actually on a starvation 
diet and the effect on mortality might have 
been quite different had more food been 
given. 

None of the rats given 800 roentgens and 
force-fed diet B survived after the fourth 
day, indicating that a fluid diet had no ad- 
vantage over a semifluid one (diet A). More- 
over, at autopsy it was discovered that the 
stomach and intestines of these animals were 
distended with undigested protein hydroly- 
sate-dextrose mixture. Practically all the 
material introduced by stomach tube was 
retained in the stomach during the entire 
four days. A major effect of irradiation at 
this dose level thus appears to be inhibition 
of stomach emptying (Nutrition Reviews 
11, 24 (1958)). 

Giving diet B by subcutaneous injection 
during the period of anorexia also gave a 
negative result in animals irradiated with 
800 roentgens. It is concluded that forced 
feeding by either route is not only of no 
practical advantage in this dose range, and 
at this period postirradiation, but is de- 
cidedly harmful. Such treatments render 
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800 roentgens (80 per cent lethal) 100 per 
cent lethal. The mechanism of this disastrous 
effect cannot be ascertained from the 
present data. Certainly, absorption of in- 
troduced foodstuffs from the intestine is not 
involved. Perhaps there is some absorption 
of toxins. In any event it is to be expected 
that the sum of two stresses would lead to 
early mortality when one of these (the 800 
roentgens) is so near to being lethal. 
Forced feeding of diet A beginning ten 
days after exposure to 800 roentgens pre- 
vented the weight loss attending the 
anorexia, which starts at this time in those 
animals which do not survive long after 
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irradiation. It did not, however, alter 
radiation mortality although the animals 
seemed to possess full ability to utilize the 
food. The authors feel that pancytopenia 
(deficiency of all the cell elements of the 
blood) and bacteremia, known to be present 
at this stage, are the prime causes of death 
for both fed and nonfed irradiated rats. 

The effect of cysteine in limiting the period 
of anorexia and decreasing mortality follow- 
ing irradiation with 800 roentgens may be 
attributed to a significant reduction in net 
oxidations suffered by vital substances in 
cells resulting, for all practical purposes, in 
a reduction of the irradiation dose. 


MOLYBDENUM IN NUTRITION 


It is only within the past twenty years 
that the importance of molybdenum in the 
nutrition of animals and plants has been 
recognized. A comprehensive summary of 
392 research papers bearing on molybdenum 
in biology has recently been published. The 
March 1956 issue of Soil Science contains 10 
papers that review the significant signs of 
molybdenum deficiencies in plants, the 
availability of soil molybdenum for plants, 
and its place in animal nutrition. 

E. J. Rubins (Soil Science 81, 191 (1956)) 
notes that in addition to the well known 
response of many vegetable crops to molyb- 
denum fertilization, there are locations in 
the United States where alfalfa has been 
observed to respond to this element. On the 
molybdenum-responsive soils of northeastern 
Washington, maximum yields and maximum 
protein content of alfalfa plants were associ- 
ated with leaf molybdenum levels of 0.5 
parts per million (p.p.m.) or more (H. M. 
Reisenauer, Ibid. 81, 237 (1956)). It is 
pointed out, however, that plant molyb- 
denum level alone is perhaps not a reliable 
measure of plant response potential since a 
manganese-molybdenum antagonism has 
been observed. 

Such antagonistic relationships emphasize 


the complexity of the nutrient element 
problem from the standpoint of both plant 
and animal nutrition. A. T. Dick (Soil 
Science 81, 229 (1956)) points out the cther 
extreme, namely, the condition known as 
“teart” in Great Britain. This is a cattle 
disease characterized by severe diarrhea and 
loss of condition, and is attributable to the 
high molybdenum content of pasture plants 
(15 to 300 p.p.m. of molybdenum, dry basis). 

The observation that molybdenum inter- 
feres with copper retention led to the dis- 
covery of the conditioning influence of 
dietary sulfate (Nutrition Reviews 18, 142 
(1955)). The relationship can be sum- 
marized as follows: For any given copper 
intake sheep may be either in negative or 
positive copper balance depending upon the 
molybdenum intake. The magnitude of the 
molybdenum suppression of copper storage 
is, in turn, dependent upon the inorganic 
sulfate content of the diet. Neither molyb- 
denum nor sulfate alone interferes with 
copper retention and the effectiveness of 
either increases to a maximum as the intake 
of the other is increased. Thus, it is possible 
to effect copper storage in sheep on relatively 
low copper intakes when the molybdenum 
and sulfate contents of the diet are low, and 
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conversely, to deplete copper reserves even 
to the level of clinical copper deficiency when 
copper intake is normal (6 p.p.m.) and when 
the molybdenum and sulfate contents of the 
diet are also high (K. N. Wynne and G. L. 
McClymont, Nature 176, 471 (1955)). 

The dramatic effect of sulfate is illustrated 
by the following data: On a ration contain- 
ing 6 p.p.m. of copper, 5 p.p.m. of molyb- 
denum, and 0.04 per cent of sulfate, liver 
copper stores declined from about 300 p.p.m. 
(dry basis) to 180 p.p.m. in four months. 
The same ration with the sulfate level in- 
creased to 0.4 per cent decreased the copper 
stores to 45 p.p.m. in a similar period. 
Wynne and McClymont suggest that the 
low blood copper level in sheep that has been 
observed in New South Wales on pastures 
containing as much as 7 to 20 p.p.m. of 
copper (R. Alleroft, Vet. Record 64, 17 
(1952)) can be explained as resulting from the 
relatively high sulfate content (0.7 per cent) 
of the herbage. 

The more recent studies by Dick (loc. 
cit.) indicate that stili other dietary factors 
may play a part in the copper-molybdenum 
relationship in ruminant nutrition. His 
results suggest that even in the presence of 
adequate sulfate, molybdenum will not 
interfere with copper retention in sheep if 
the diet is high in manganese. Sheep re- 
ceiving daily 7.8 mg. of molybdenum, 5.5 g. 
of sulfate, 135 mg. of manganese and 10 mg. 
of copper stored 65 p.p.m. of copper in 
liver in ninety-eight days. When the dietary 
manganese was increased to 300 mg., the 
liver copper storage increased to 215 p.p.m. 

This blocking effect of manganese on the 
molybdenum-sulfate suppression of copper 
storage, could not, however, be demon- 
strated when the dietary protein level was 
increased by the addition of gluten to the 
diet. Under these conditions manganese 
actually appeared to augment the effects of 
molybdenum and sulfate in suppressing 
copper storage. 

Although the above-discussed mineral 
interrelationships in the ruminant have re- 
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ceived little attention in experiments with | 


monogastric (having one gastric cavity) 
animals, a recent report suggests that the 
sulfate content of the diet influences the 
tolerance of the rat for molybdenum. Diet- 
ary levels of 75 to 100 p.p.m. of molybdenum 
in a low sulfate diet produced severe 
growth depression in the rat and this could 
be overcome by the inclusion of a sulfate 
level of 2200 p.p.m. (R. F. Miller and N. O. 
Price, Fed. Proc. 15, 564 (1956)). 

The protective effect of methionine 
against molybdenum toxicity in the rat as 
reported by L. F. Gray and L. J. Daniel 
(J. Nutrition 53, 43 (1954)) may represent 
an effect of sulfur rather than of the amino 
acid per se. In addition to the protective 
effect of inorganic copper against molyb- 
denum toxicity in the rat, J. B. Nielands, 
F. M. Strong, and C. A. Elvehjem (J. Biol. 
Chem. 172, 431 (1948)) observed that dried 
whole liver gave a high degree of protection 
although its copper content was insufficient 
to account for the effect. The whole liver 
supplement at the 5 per cent dietary level 
no doubt contributed significantly to the 
sulfur intake. 

The manganese-molybdenum _interre- 
lationship in sheep recently observed by 
Dick calls to mind the striking resemblance 
between signs of manganese deficiency in 
rabbits and the foreleg deformity of molyb- 
denum intoxication in this species (L. R. 
Arrington and G. K. Davis, J. Nutrition 
51, 295 (1953)). 

A parallel to the molybdenum-copper 
antagonism in monogastric animals is sug- 
gested in the recent observations by E. 5. 
Higgins, D. A. Richert, and W. W. Wester- 
feld (Fed. Proc. 15, 274 (1956)). These 
workers noted that chicks developed an ap- 
parent molybdenum deficiency as evidenced 
by growth depression when their diet was 
supplemented with 4.5 or 9.0 mg. per cent of 
tungsten. It had been observed earlier that 
tungsten inhibited the stimulatory effect of 
molybdenum on the intestinal xanthine 
oxidase activity. The molybdenum-de- 
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ficiency growth depression effected by 
tungsten was accompanied by a marked 
depression in tissue xanthine oxidase 
activity. In light of this observation the 
recent statement that ‘‘“molybdenum cannot 
be said to have been unequivocally estab- 
lished as a dietary essential” (E. J. Under- 
wood, “Trace Elements in Human and 
Animal Nutrition,’ Academic Press, New 
York (1956)) has been challenged. 

Whether trace element studies with 
laboratory animals can serve to solve the 
perplexing disease conditions observed in 
ruminants under pasture conditions is 
doubtful in view of the recent results re- 
ported by C. F. Mills (Brit. J. Nutrition 9, 
398 (1955)). Hematopoietic response in 
copper-depleted rats was studied using 
normal herbage (containing 13.6 p.p.m. of 
copper, dry basis) and herbage from an 
area that produced “sway back’’ or copper 
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deficiency in lambs (feed with a content of 
13.2 p.p.m. of copper). Both types of 
herbage resulted in excellent hematopoietic 
responses and there was no evidence of re- 
duced availability for the rat of the copper 
in the ‘‘sway back” herbage. 

The same workers investigated the value 
of inorganic copper sulfate in comparison 
with the organically bound copper in a 
water extract of herbage. The herbage 
copper consistently produced a_ better 
hematopoietic response than did copper 
sulfate. In view of the sulfate effects on 
copper retention noted by Dick in sheep, 
the question arises whether inorganic copper 
sources other than the sulfate salt would 
have elicited a different response. 

These many seemingly perplexing mineral 
imbalances and interrelationships that have 
recently been uncovered serve to emphasize 
how little is known about the nutritional 
influences of the trace elements. 


INTESTINAL ABSORPTION OF SODIUM GLUCURONATE 


It has been found that labeled sodium 
glucuronate is metabolized differently follow- 
ing oral and parenteral administration (W. 
H. Fishman et al., J. Clin. Invest. 30, 
685 (1951); S. Hollmann and E. Wille, 
Z. f. physiol. Chem. 290, 91 (1952); M. A. 
Packham and G. C. Butler, J. Biol. Chem. 
194, 349 (1952); Hollmann, Z. f. physiol. 
Chem. 297, 74 (1954)). Sodium glucuronate 
taken orally resembles glucose in the extent 
of its conversion to carbon dioxide, and only 
small amounts of the label appear in the 
urine. On the other hand, parenterally ad- 
ministered sodium glucuronate is not ap- 
preciably metabolized to carbon dioxide and 
is nearly all excreted unconjugated in the 
urine (Butler and Packham, Arch. Biochem. 
Biophys. 66, 551 (1955)). 

To investigate the possibility that orally 
administered sodium glucuronate in rats was 
undergoing chemical change before ab- 
sorption, M. A. Packham (Canad. J. Bio- 


chem. Physiol. 34, 587 (1956)) has compared 
in the rat the rate of disappearance of 
uniformly labeled glucuronate, glucurone 
and glucose from three regions of the 
intestinal tract. After receiving doses of the 
respective radioactive compounds by 
stomach tube, the rats were placed in 
metabolism cages and supplied with water 
but no food. Expired carbon dioxide was 
collected at one, two, four and eight hours. 
The amounts of C™ remaining in the 
stomach, small intestine and large intestine 
were measured at these same intervals. 

Percentages of Cy, appearing as labeled 
carbon dioxide after administration of 
radioactive glucose were: 0 to 1 hours, 13; 
1 to 2 hours, 22; 2 to 4 hours, 19; 4 to 8 
hours, 14. Very little C“O,. was obtained 
from rats fed either sodium glucuronate or 
glucurone until two hours after admin- 
istration. From 2 to 4 hours the per cent of 
the total label appearing as carbon dioxide 
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was 10 and from 4 to 8 hours it was ap- 
proximately 50. This delay in the absorption 
of sodium glucuronate and glucurone was 
explained in part by analysis of the radio- 
activity in three divisions of the intestine. 
The rate of passage of all three labeled 
compounds from the stomach into the small 
intestine was similar. However, although 
glucose rapidly disappeared from the small 
intestine, large amounts of C'* from sodium 
glucuronate and glucurone accumulated in 
it before passing to the large intestine. Little 
absorption of the label from these latter two 
compounds occurred until they reached the 
large intestine. 

Packham and Butler (loc. cit.) previously 
postulated that only a small amount of 
sodium glucuronate was absorbed from the 
intestinal tract of the rat in its original form 
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but was in large part changed into other 
compounds before absorption. The present 
work provides evidence that a change takes 
place but does not definitely establish the 
location as being in the lumen of the intes- 
tine. Although it is possible that conversion 
of glucuronate and glucurone takes place 
only in the environment provided by the 
large intestine, it also seems possible that the 
cells of the large intestine are the ones most 
capable of absorbing these compounds and 
that they, as so many other materials, are 
converted in transit. 

Packham suggests that the small per- 
centage of glucuronate or glucurone ab- 
sorbed unchanged indicates that glucuronide 
formation in tissues and plasma does not 
arise from preformed glucuronate in the diet 
but is of endogenous origin. 
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NOTES 


Bone Sodium in the Rat 


The sodium of bone is now considered in 
the metabolism of this element, as nearly a 
third of it may be mobilized under certain 
conditions (Nutrition Reviews 13, 64 (1955)). 

W. H. Bergstrom (J. Clin. Invest. 34, 
997 (1955)) has expanded the work on this 
subject with further studies on rats main- 
tained as controls, or depleted of sodium by 
transperitoneal dialysis against ammonium 
chloride or by the administration of aceta- 
zolamide, a carbonic anhydrase inhibitor 
which causes renal sodium loss and acidosis. 
In general, the methods used were the same 
as those described in the article previously 
reviewed (see Nutrition Reviews, loc. cit.). 
The periods of depletion were brief (five 
days). 

Acetazolamide caused a decrease in the 
sodium content of bone as great as that 
seen after dialysis, which suggested to the 
author that acidosis itself might be the 
essential situation for removing bone so- 
dium. In fact, no further sodium loss from 
bone occurred when administration of the 
drug was followed by dialysis. Presumably 
the remaining sodium (71 per cent of the 
contrel value) could not be mobilized, but 
29 per cent was available for the metabolic 
pool, figures in agreement with those 
previously found. 

Recovery from acidosis and sodium de- 
pletion in the short-term experiments de- 
scribed was not accompanied by replace- 
ment of sodium in bone. The author suggests 
that this may be the result of a gradual 
laying down of sodium, requiring either 
growth or rearrangement of the apatite 
crystals which are thought to be the basis 
of bone composition. 


Orotic Acid and Methionine 

in Calf Rations 
J. M. Wing (J. Dairy Sci. 38, 504 (1955)) 
has observed a significant growth response in 
young dairy calves from supplementation of 


a conventional ration with a combination 
of orotic acid and methionine. 

Twelve Jersey calves (6 of each sex) were 
assigned to two groups on the basis of 
weight, height and sex. All calves received 
colostrum the first four days, whole milk for 
twenty-one days and reconstituted skim 
milk until 60 days old. All milk was fed at 
the rate of 9 pounds per 100 pounds body 
weight. Chopped alfalfa hay and a mixture 
of 50 parts oats, 60 parts corn, 40 parts 
wheat bran, 20 parts nonfat dry milk solids, 
26 parts peanut meal, 2 parts salt and 2 
parts bone meal were fed by free-choice. 
Supplemental vitamin A (15,000 1.v. per 
100 pounds of body weight daily) was given 
by gelatin capsule. One group of calves re- 
ceived a supplement of 440 mg. each of 
methionine and orotic acid per 100 pounds of 
body weight daily. This supplement was 
administered in gelatin capsule into the 
reticulorumen. 

From birth to 60 days of age the control 
group gained an average of 6.7 cm. in 
height and 35 pounds in body weight, 
contrasted with height and weight gains of 
7.9 cm. and 51 pounds for the group re- 
ceiving the supplement. The supplemented 
group demonstrated a 41 per cent superiority 
in efficiency of feed utilization, although 
the supplement did not appear to affect 
appetite or feed consumption. 

Although the mechanism by which orotic 
acid and methionine increase calf growth 
is not understood at present, its action may 
involve bacterial nutrition in the rumen. 
Orotic acid is a growth factor for certain 
microorganisms. 


Radioactive Iodine in Human Milk 


Radioactive iodine (I') is frequently 
used nowadays as a test of thyroid function. 
A recent report by H. Miller and R. 8. 
Weetch (Lancet II, 1013 (1955)) draws 
attention to the danger to the breast-fed 
child if the mother is given I'*'. The amount 





320 


of iodine excreted in human milk is of the 
order of 15 to 150 micrograms per kilogram 
(C. E. Hercus and K. C. Roberts, J. Hyg. 
26, 49 (1927); Hercus, H. A. A. Aitken, 
H. M. 8. Thomson, and G. H. Cox, Ibid. 
31, 493 (1931); J. Eyckerman, Z. f. Kin- 
derheilk. 54, 435 (1933)), and it is perhaps 
not surprising to find, as Miller and Weetch 
report, that I'* is concentrated in human 
milk to such a degree that a dose as small 
as 25 micrograms given to the mother may 
have an adverse effect upon the infant’s 
thyroid gland. Miller and Weetch state that 
I'*! should not be given to a nursing mother, 
and further suggest that this can be guarded 
against by direct questioning of all women of 
childbearing age referred for radioactive 
iodine studies, and if the isotope has been 
given to the mother, breast feeding should 
be stopped immediately. 


Chronic Ammonium Chloride Acidosis 


The sequence of adjustments in man to 
ammonium chloride given for a period of a 
few days has been thoroughly explored. The 
response to long-continued ammonium chlo- 
ride administration has been relatively 
neglected, however. F. J. Y. Wood (Clin. 
Sci. 14, 81 (1955)) studied one patient who 
received 8 g. of ammonium chloride daily for 
forty-four days while receiving a normal 
diet. The electrolyte changes produced by 
this regimen were compared to the pre- 
treatment values obtained from a twenty- 
eight-day control period. The use of average 
values obtained without strict dietary 
control may lead to serious error during the 
period of acute change, but is probably a 
valid system of reference throughout the 
prolonged period of chronic acidosis. 

The first six days of ammonium chloride 
acidosis in this patient essentially reproduced 
earlier findings. The phase of chronic acidosis 
permitted some new observations. The 
plasma pH gradually increased from 7.28 on 
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the sixth day of acidosis to 7.34 at the end 
of the period of ammonium chloride inges- 
tion. Bicarbonate content of the serum also 
increased but did not return to normal at the 
end of the period of chronic acidosis. Thus, 
compensation was not quite complete. 

There were no net losses of sodium or 
potassium during the period of chronic 
acidosis. This is related to the continued high 
excretion of ammonia by the kidney. Mild 
diuresis was seen throughout the chronic 
acidosis period. 

After forty-four days, the ammonium 
chloride administration was stopped 
abruptly. Both plasma pH and bicarbonate 
rose, reaching levels of 7.56 and 31.4 
milliequivalents (mEq) per liter respec- 
tively on the fifth day. Concurrently, urine 
ammonia fell to 23 mEq per day on the 
fifth day. 

The significant observation in this study 
is that at no time during the phase of com- 
pensated acidosis did the plasma pH and 
bicarbonate return to normal. Had they 
done so, the stimulus to increased production 
of ammonia would have been removed and 
further cations would have been lost in 
order to excrete the extra chloride. 


Essentials of an Adequate Diet—Facts 
for Nutrition Programs 


Essentials of an Adequate Diet is the first 
of a series, Facts for Nutrition Programs, 
being developed as a reference for nutrition 
workers. 

This publication was prepared by Louise 
Page and Esther F. Phipard of the House- 
hold Economics Research Branch of the 
Agricultural Research Service, in coopera- 
tion with the Human Nutrition Research 
Branch. It is published by the Agricultural 
Research Service, United States Depart- 
ment of Agriculture, Washington, D. C., 
ARS-62-4, June 1956. Pp. 16. 
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